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Chapter II: Overview of the main oceanographic features 
off Angola 

2.1 Bathymetry 

Th~ Angola coa,lhn~ na, a lenglh of around 1650 !un and lies belween s,ors and 
17.YS, The Neretic Zone off Angola just covers one third of the hhZ (t<.xc\usive hconomic 
Zone). which is around J70 km wide. Off Angola, the hEI'- is made up orthe Nerctic /,()Il e 
c{wmng the littoral (0-30 m depth), the continental shelf (50-200 m d~'Plh), the Oceanic ZOne 
covering Ihe continenlal rise (500-2000 m depth) and the Abyssal (2000-4000 m depth). 
rhewidth ofth~ Continent.1 Shelf\'ari ~s in ",idth bet",een II and 33 km. Its depth vanes on 

, , 
, 

'\ 
\ , 

/ 
( 

Fi~,I1- 1 Datl,ym.If'ic map of An£Ol. 

2.2 Angola Ecosysl{"m 

1.1.1 J;'quarorial Cllrrem Sy'tem 

average bct\\'e~'11 50 and 200 m. In the region of 
CabirKia (5 0 S) to Luanda (~NS), it is wide ( .oJ3 km 
wide and I~O m depth) near the mouth of the nver 
Congo (6.2°S). Tlli, " due probably 10 Ihe ,cdlm~'11t 

deposilcd by Ihe river (Fig.!l I). 
I'rom Lmmda (~.6aS) to Benguel~ (ll,6°S), the 

width of the shelf I~ almost constant (~2 km wirleJ 
and it, depth varies gencrally between 50 and 100 m 
depth, From Benguela 10 Namibe (16,S O S), the shelf is 
"cry normw or .Imost obsent (>6 km wide) .nd very 
deep (>iOO m deplh). Tn >orne areas, \1 "replaced by 
the eontinent~1 rise re.ching .00,,(1000 m d~'"Pth, 

SDuthwards ITom Tombwa 10 the Cunene River 
(17.3°S), it \\'id~ns to 11 andlR km and a depth is less 
than 120 m (Fig,I1I), 

The Equalorial Current Syslcm consists of the surface South EqualOl'ial Current 
(SEC) and three subsurface currents, the hquatorial Undercurr~nt (EUe), the South 
Equatorial Undercurrent (SEUe) and the Seulll Equalorial Counter Current (SECC). 
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2.2.1.1. South Equatorial CUrrellt (SEC) 

According to Pctersoll & Stralllma (1991). this current " chamden.<cd b)' Ingh 
k'mperature (>25"C). high s~linity (36.5), high oxygen concentration (5 mt 1"') and a velocity 
or ah(mt 10 cm , I, The South E'lllatmial Current (SEC) is broad. westward flowing currcnt 
that e)'.\end, froIll ,,,dacc to a nominal d~pth oj' lOa Ill. 

Fig_lJ_2 ~br Of~l. AtlantiC Oco,., off 

Soonhe", A frio" ond Gulf QfGol;"ea. 

2.2.1.2 Soutb Equatorial Ullder~lIrrellt (SEUe) 

The SEue wa, observed under thc thermocline, Thi, 
subSllrfuee current flows ea,tward and dcflect, 
against the African coast from ~ to W'S_ It can be 
observed down to 150 and 100 m and it is around 
100 km wide. It, velocity i, around 40 cm " and it 
,pring! from th~ Sam" region a, the SEC. 
This current springs from thc South Atlantic off 
Brazil and flo"" eastwards parallel to the Equator 
acTOS, the Atlantic 10 the Aliican Coa,t wherc it 
bifurcates into the north and south Equatorial Under­
ClIrrent" (Fig. II 2). 

2.2.1.3 Equatoriall:ndcrClIrrrllt (EVC) 

Peterson and stramma (I ')') I) define' this current as a narrow jet having a half-width 
of ahout 1.5" of latitllde. It i, gen~rJlly fOllnd undcr the themmdino at the depth oraboul lOa 
m or Ics, and its vdocit), (an reach 100 cm s". This ,-elocityweJhns as it flow, ~astwanJ. 
down to ~O em S·l Jt the African COJsL WaCOb'lle Jnd Piton (1990) have ob,crvod the ,arne 
current between I_60 S at tho African coa,t and it " belie,ed to kcd the Angola current 
Jurlh.,.- ,outh, 

This currcnt like othcr equatorial curr~nts spring~ from the South "'t!Jntic of the 
North ofBnuil current. It reatllTcs high ,alillity (36.5), 
The EUe and SEUC are both cquatorial subsurface currents, they differ in the !Jtitude, the 
velocity and the d..:--pth in wbicb tbey flow. The RUe i, oh,erved just near the equator (0_6°), 
has high velocity (30-100 em ,_I) alld has a maximum d~l'th of 100 m. Howevcr thc ~EU(, 
ha, low 'pocd (10 cm ,I) and it i, ob,crved betwcen 5-IO"S at 200 m or more. 
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2.2.1.4 South Equatorial Countercurrent (SECC) 

The South Equatorial Undercurrent (SEUC) and the Equatorial Undercurrent (EUC) 
flow to the north of 50 S but the SECC flows between 5-100 S at a depth of 150 m to 275 m 
but between 10-14°S, it reaches the surface (Peters and Stramma, 1991/. Reid (1964) 
observed this current between 5-12.5°S with an eastward velocity of 9 cm s- at 200-250 m 
depth. The SECC splits into two branches: the Angola current flowing southwards and the 
northwards branch taking up the waters of the Congo River plume and continues northwards 
in westerly direction as the SEC (Bennekom & Berger, 1984). 

2.2.2 Angola Current 

The Angola current covers the shelf and the continental rise of the Angolan coast 
(Moroshkin et aI., 1970). Wacogne & Piton (1990) and Bubunov (1972) found that the 
Angolan Current is supplied by the EUC and the SEUC springing from the Equator. These 
authors found that the southward flow in the region of the Angola current appears to be 
significantly deeper than the equatorial currents. Its average velocity is around 50 cm S-I 

between 9-16°S and can be observed down to 250-300 m. 
It features high temperature (>24°C) and salinity (>35.0) modulated by weak, 

seasonal equatorial upwelling. The oxygen content is always around 5 ml rl at the surface 
layer. Biological productivity in the current is low. Gammelsred et aI., (1997) made current 
measurements at Cabo de Santa Maria (14°S, 12.2°E) and found a poleward current with a 
speed of 50 cm S-l at 25 m depth and 30 cm S-1 at 125 m depth. 

The Angola current flows polewards down to 14°S-16°S where it converges with cool 
upwelled water in the Benguela current, creating a front called the Angola-Benguela front 
(Figs.II 3 & II 4). 

According to Gammelsred et al. (1997), the Angola current is in near-geostrophic 
balance. Geostrophic equilibrium exists when the Coriolis force is in opposite direction to the 
pressure gradient. Mathematically speaking, the geostrophic motion is expressed by two 
equations defining the equilibrium of forces at the axis of X (E-W) and axis ofY (N-S). 
In the X-direction, the equation would be: 

Fv = [lip] 'It [dP Idx] 

Where Fv is the Coriolis force along the X-axis in equilibrium with the component of 
pressure gradient dP. 

In the Y -direction, the equation would be: 

Fu = [lip] 'It [dP /dy] 

The V-component of the pressure gradient is in equilibrium with the Coriolis force. The same 
force will tend to deviate it away from the coast. However at 16°S, the Angola current is 
moved away from the coast and diverges with the Benguela current giving birth to the 
"Angola-Benguela front". 

14 
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2.2.3 Angola Dome 

Fk1ween 1902 Jnd 1 %3, obout 200 survcys werC conducled 11\ lhc ,oulhcastcm 
Atlalllic by "",'.,,-al rcs~arch vcssel, including the _.llf\'ey by tJle RjV "EquJlant I" during thc 
southern hemi"Phere Sl'mmer (January-April. 1964). Wilh Ihes~ data, Ma,~ika (1%7) was 
lhc lirsl to id~nlify th~ Angola [lome Jt (II1'S. 9"D) at 20 m depth. In Fcbruary 1971 
Voituricz (1981) idenlilicd the sam~ thermal fcatlJT~ at (11 oS, 9_5°r) ond chora.cterized it by 
th~ lower temperdture (I 9"C) at thc ccntrc 01 the domc compared to the "urrmmding walcrs 
(24'(") and by the higher concl>Jltration of oxygen (4 mil") at 20 m. At 200 m, tJ,e oxygcn 
content is still high (1.8 ml r'). 

In two consecuti,"c ycar< (1996, 1997), Gamm~br<ld d al. (1997), Filipc (1997), 
Filipc, (1998) sUCCC,"flllly SUTY~ycd thi_. dome-like therm~1 ,tn'CllJrc (Figs.!] 3 & Fig.!] 4) 
with the I',orwegian RiV "Dr Frid~orNansCl1" as w~ll as Mohrhol7. cl al_ (1999) with the 
G=-nan RfV "Pos~idon" during the southern hemisphcrc summer (February-April). In all 
thcse survcys, lhc dome was locat~d bel"e,,,, latitudc_. 9-1 rs and longitudes hetween 9-
10010_ It wa. identified os ~ thcrmal 1C0turc at 20 m dCplh Wilh tiT (l~mp.,,-alure difference) 
belw~~n the center of the dome and the surrounding watcrs varying bclwcen 3°e to JOe 
which is a sign 0(" an op"" ocean upwelling_ 

The oxygen conlenl was highcr and the salinity lower in the center than in the 
_.urrounding WJters. The thermal domc i" a CyclOlUC eddy duc to the uplifting of Ihe 
thermocline (Voituriez, 1981). 
Thi" cyclonic cddy t~rmcd Angola Dome has its counterpatt' in the notthern bcmisphere, thc 

Fio:.l1-3 Map basctl on th~ ~AA -16 
>,VHRRcompo,itcSST,magc of 
11 March 2004 showi!lO: <1", Atlantic 
Ocean off Angola 

GlIinea Dome which i_. centered Jt 12",,". 22""'" Jnd it is 
wdl devdopcd al 30m dcplh (Ro,signol & MCjT~ui,. 
1964: "ialcika, 1967) and thc Costa Rica Dome 
centred around (I(~'N. !)J'r) (Crornwel1. I!J58; \Virtl;i. 
1964) in Ihc Pacific. 
Peterson & Stralllilla (199 I) notcd tJlat therc is no 
Angol~ dome pre_<;ent in tbe thermocline in tho_.e 
month, (May-S~ptl'rnhLT) whcnthe _.urfacc geo_.trophic 
now i, JJO longer ca,l ward in th~ Gulf oj' Guinca. 

rbe Angola Dome ,s rcgorded os a 
_.ubth~mochne structure and i, permanent. as it " 
as:,ocialOO wilh Ihe lIndncurr~nts, which ar~ 

thcmsc1vc, pcrmanem. Thc uplilling dlhc dOlllc ah<wc 
the thcrmoclinc is subject to thc scasonJI variations. It 
occur' dllring the summer of the southern hemisphere 
(January-Apnl) wh~n thc trade w'nds w~aken. Ictting 
the sllrfac~ w~krs no,", c~slwaf(k 
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The Guinea Dome appears above the thermocline in July-September when the ITCZ 
is in its most northerly position (4 ON). The Guinea Dome is then situated just to the south of 
ITCZ in the zone of low pressures and weak variable winds. The Angola dome is also located 
in a region of weak and variable winds associated with the western boundaries of the South 
East Trade Winds (Voituriez & Herbland, 1982). As a subsurface oceanographic feature, the 
Angola dome cannot be detected with SST, but it might be possible with altimetry. 

2.3 Benguela Ecosystem (South of Angola) 

2.3.1 Benguela current 

According to some scientists like Defant (1961), Reid (1989) and Stramma & 
Peterson (1989), the Benguela current is an equatorward flow from the Cape of Good Hope 
that skirts the African coast to around 15-17°S. It is composed of water from the South 
Atlantic Current, the large Subtropical Southern Gyre and from the Agulhas warm water as 
well as Subantartic Surface waters. 

The current (Fig.II 2 & Fig.II 3) itself features cold water of low salinity due to the 
intense upwelling in the south of the ecosystem in summer and in the north in winter. The 
upwelling rate is not uniform along the Coast. It is associated to the wind regime, coastal, 
topography, the width and depth of the shelf (Shannon, 1998; Nelson, 1992). Upwelling is 
intense where the winds are strong and the shelf is narrow and deep (Nelson, 1992). The 
region is biologically highly productive. 

According to Peterson & Stramma (1991) the Benguela upwelling system is strongly 
influenced by the semi-permanent high-pressure system over subtropical South-Atlantic, the 
South Atlantic Anticyclone (SAA), and the continental heat low that develops over southern 
Africa during the summer months. The winds in the region blow from a south to 
southeasterly direction. This in tum drives offshore Ekman transport that results in the 
upwelling of cold, nutrient rich water onto the continental shelf 

Gammelsmd et aI., (1997) made current measurements at Rocky Point (18°S, 12.1°E) 
in the northern Benguela and found equatorward current with a speed of 50 cm S·l at 25 m 
depth but only 10-20 cm S·l at 125 m depth. And noted that this was very fast comparing with 
the geostrophic velocity of 5 cm S·l computed for Rocky Point. 

In his review of the Benguela system, Shillington (1998) classifies the coastal 
Benguela Current into four categories in terms of velocity: 10-15 em S·l, 40 em s·t, 5-8 em S·l 

and 70 em S·l. Nelson and Hutchings (1983) found the mean velocity to be between 23 and 
35 em S·l and Shannon (1985), reported to be about 15 em S·I. But a map of surface currents 
presented in Shannon (1985) shows current velocities of 15-25 em S·l off South Africa 
(reaching 50 cm S·l at Cape Columbine), 10-25 em S·l off Namibia and 30-50 em S·l off 
Cunene (Angola). According to Shillington (1998) the highest velocity observed in the 
Benguela is the equatorward shelf-edge front jet off Cape Peninsula (70 cm S·l). Altogether, 
it would therefore see that the velocity measured by Gammelsmd et at, (1997) was unusually 
high for that latitude. 

16 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2.3.2 Angula-Benguela Front (ABF) 

Hart amI Curi~ (1960), MOTOshkin d aI., (1970), Buhuno\' (1972), Dia, (1983a,b), 
Sharuj()n ~t aI., (1987) and Meeuwis & Lutjehanns (1990) -pioneered the study of the Angola­
B~nguda front and found it to be a permanent (}C~aoographic feature var/ing between 15-
I ~S (1"ig.1I4). They found that this front e~tends down to 200 m depth Wilh s~linity data but 
it i, int~ns~ ,k"",n to 50 m ",i lh lh~ t~mp"ratur~ distribution. It i, aligned pe'1"'ndicular to the 
co~st, wIth ~ sc~wud extension betw~en 200 ami 600 km. Its a\'nag~ widlh is approximatdy 
200 km (Meeuwis and Lmjeh~rms, 19')0), rhe same feature (~n bc observed in the 
distribution of salinity showing the e~istenc ~ of th~ front rn.tween 15 and I &"S (Shannon et 
al., 1987). 

An interesting study undLTtahn by M~euwis and 
Lugeharms (J~) showed that the maximum shift of 
the ABF was JOS and its e~tend was 750 km hut it, 
ma~imum d~ydopm~nt was within 250 km from the 
OJasL 
R~cent studies on tft<, seasonality and inter-annual 
variahihty of the ii-onl, Hardman-:'I.1ountford d aI., 
(200]) and Veitch ct ~I., (2006) showed that during 
summer and early autumn of the southern hemispkr~ 
CO<:eembn-April), th~ front i, nonnally in its most 
'OJuilierly -posihon whIle III wmter and e~rly spring 
(May-Seplember), il is in ilS mOSloortherly position. 
ThLT~ i. an indication thaI th~ frontal .lOm; may, at 
this timc, be composed of more th~n one front. For 
example, Shannon et aI., (19&7) found .igns of two 
roughly orientakd front', Om; at arolinci 16'S, n~ar 
N~mibe and ~ weaker one ~t nos nc~r Lobito. 

Fig.ll-4 .'lap ba"d On Ike .'Iel<oal ""ontkty 
<ompo,it< SST ilUo~. of April 1994 ,~o" i~~ 
''''.~n''yr~phic r.aluF.' "n'lk. ,,,.lkem 
AUOlltt<. 

Possihly th~ northLTly of the two is toc oollwrgmce of toc Angola and Bengllel~ currents ~nd 
the southerly one being associated with the u-pwelling cell situated at Cape Frio at about 17-
l~QS. 

2.3.3 Ilistrihution of the chluroph~ ll-a alunj:: the Angula Coast 

ChlorophyH-a is a green pigment found in plants. It abwrb. sunlight and "<>nverts it 
into sugar dm';ng photosynthesis. Chlorophyll-a is ~n indicator of phytoplankton ahundanc~ 
and biom~ss In coastal oc~an (http://'''''''w.g()y.au·''orac1e/ozeslu·m '''i/[ncii~~lors.,' ln_ 

chlQrophyJl a fhtml). It absorbs mo,t ,trongly in the bllIC and red but -poorly in the green 
portions of toc d<:elromagnelic spectrum. Besides chlorophyll-a, ph)10plankton contains 
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other pigments structurally similar but chemically different (Chlorophyll-b, chlorophyll-c1, 
chlorophyll-c2 and chlorophyll-d). These chlorophyll pigments are all associated with the 
photo systems but have different electromagnetic spectra (Brian, 1997). Photosynthesis and 
pigments are discussed in details in Brian (1997) and in http://en.wikipedia.orglwiki 
Ichorophyll. 

Robinson (1985) and Robinson (2004) discuss thoroughly how chlorophyll 
concentration is measured by satellite sensors (Nimbus-7 CZCS and Orbview-2 Sea WIFS 
respectively) and how these measurements allow estimating primary productivity in a water 
column. In this regard, Carr (2002) undertook an interesting study where she explains how 
primary production can be deduced from the chlorophyll-a and the diffuse attenuation 
coefficient. She also discussed the influence of environmental parameters such as 
temperature, or primary production as well as the effect of variations in euphotic layer depth 
and mixed layer depth or estimation of primary production. Besides, chlorophyll off Angola 
(15-17°S) is estimated to be between 2-3 mg m'3 and the computed primary production 
between 2000 and 3000 mg Cm,2 d'l. , 

It is well known that Phytoplankton abundance is associated with coastal upwelling 
and river plumes or estuaries that provide nutrient necessary for growth. 
Off Angola Plankton distribution in the northern region linked to the Congo River plume, 
where the chlorophyll-a concentration varies between 7-8 mg m-3 and to the upwelling cell of 
the Cunene where it varies between 3-5 mg m'3 (Hardman-Mountford et a!., 2003) 
Mann (1992) discusses the critical depth where phytoplankton stin produces photosynthetic 
surplus for growth, impact of upwelling intensity (strong and weak windstress) in the 
stratification and mixing of the euphotic layer and the impact of river run-offs in the 
production of algae blooms (Case of Congo river) 

Boltovskoy et aI., (1999) made an in depth study of the distribution of chlorophyll-a, 
primary production and zooplankton biomass in the South Atlantic and observed: 

• fairly high phytoplankton biomass and production at the surface between 5-7°S; low 
in the region 9-13°S (0.25-0.50 mg m'3 plankton biomass and 21 mg Cm,2 h'l 
production); 

• High in the region 13-16°S (0.3-0.8 mg m,3 plankton biomass and 5021 mg Cm~2 h'l 
production); 

• To the south of 16°S (0.2-0.8 mg m'3 plankton biomass and less than 13 mg Cm'2 h'l 
production), nutrient rich layer is at about 100 m, too deep to fuel high productivity. 

The same authors discuss how the Congo River flow affects the phytoplankton biomass. In 
the region of the ABF, John et aI., (2004) found the chlorophyll-a concentration ofless than 
3 mg m,3 while to the south of 16°S, the concentration ranged between 3-10 mg m'3. 

In their review on phytoplankton studies off Angola, Rangel et al.~ (unpublished) 
found a higher biomass of microalgal organisms in the upwelling region (13-17.3 OS) and near 
the Angola Dome in April 1999, while in August 2001 the highest abundance occurred in 
centre-south (1O-17.3°S). They also reported maximum density in the depth ranging from 15 
to 5Om, irrespective of the season. 

Hardman-Mountford et al. (2003) reported chlorophyll-a concentration less than 1 mg 
m,3 for months January-May and October-December for the entire Angolan coast except at 
the Congo River where the concentration was at the level 7-8 mg m'3. During winter months 
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(June-September) the average between 50 S and 12°S was higher than in summer at 5 mg m-3 

but remained constant in Congo River mouth (60 S). 

2.3.4 Benguela Niiios 

The so-called Benguela Nino is a regional phenomenon that affects the coastal ocean 
between Angola and Namibia. It is equivalent to the Pacific El Nino but is less intense and 
less frequent (Shannon et aI., 1986). In the past, Benguela Ninos tended to occur one year 
after the Pacific Ninos, leading to the belief that teleconnection exists between them. 
However Shannon et aI. (1986) stated that the 1963 and 1984 events in the northern Benguela 
were clearly out of phase with major Pacific events. The effects of Benguela Ninos are 
similar to those of the Pacific although in a sman scale and not as disastrous. Sharinon (1985) 
discussed warming and high salinities observed in Namibia in 1963. 

The same situation was observed in 1984 (Shannon et aI, 1986; Boyd et at, 1987) and 
it was reported that an intrusion of warm saline water from Angola into Namibia, weakened 
coastal upwelling and resulted in flooding rivers in northern and central Namibia. 

Shannon and Nelson (1996) observed that the Benguela Nino occurs approximately 
once per decade, with major events in 1934, 1963, 1974, 1984 and 1995. Some of these 
major events were reported by Shannon (1985), Shannon et aI., (1986), Boyd et aI., (1987), 
Mann (1992) and Gammelsred et aI., (1998). These authors discussed the Benguela Nino off. 
Namibia and very little was said about Angola: 

• 1934 was characterised by an increase of temperature for about 2-3°C above 
the long time average. Heavy rainfalls were recorded causing flooding in the 
Namibia Desert. 

• In 1950, the 27°C isotherm was recorded about 600 km south of its normal 
position and flooding occurred again in central Namibia. 

• In 1963 positive temperature (2-3°C) and salinity (0.1-0.2) anomalies were 
observed in the upper layer off Namibia. 

• 1984 warm event is discussed in depth by Shannon et al. (1986). 

The 1995's Benguela-Nino was observed during a survey undertaken by the RN "Dr. 
Fridtjof Nansen" in March-April 1995. Gammeln!Jd et aI., (1998) found an increase of 
temperature of about 8°C at 30 m depth while at 5 m depth, no warming was observed 
compared with measurements made in March 1994. Unlike temperature, salinity decreased at 
5m depth at the rate of 5 relatively to 1994. Gammelred et al. (1998) also found a deepening 
of the thermocline at Ponta das Palmeirinhas (90 S) from 15 m (normal) to 40 m depth. While 
low salinity was observed off Angola, it was higher off Namibia throughout the warming 
period. 

During the 1995' event the estimated biomass of the three commercially important 
pelagic fish species (sardinella, Cunene horse mackerel and sardines) declined sharply. The 
first two species recovered by 1996 but the stock of sardines remained depressed (Luyeye, 
1995). 

The event was also associated with heavy rainfalls at the coast as wen as in the 
interior of Angola. The main rivers (Congo and Cuanza) flooded and the outflow of fresh 
water into the ocean reduced the salinity down to 28 in the upper layer, minimum value never 
reached during normal years (Gammelsred et aI., 1998). 
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Most of these warm events featured an increase of temperature of about 2-3°C and a 
decrease (increase) of salinity off Angola (off Namibia) respectively. Heavy rainfalls were 
recorded, increase of sea level observed, upwelling intensity weakened, ITCZ shifted 
southwards and biological productivity affected either in Namibia or in Angola. As to the 
coastal upwelling, winds were favourable in 1963 and in 1984, but biological effectiveness of 
the upwelling was greatly reduced by the cap of warm saline water spreading south from 
Angola (Mann, 1992). 

2.3.5 Coastal Upwelling 

It is well known that upwelling is a fundamental factor to primary productivity and 
the primary driving mechanism in coastal upwelling is Ekman divergence, which acts in 
response to longshore wind (Nelson, 1992). 

Upwelling is never uniform in the longshore direction of the coast; it is affected by 
coastal morphology, the width and depth of continental shelf and submarine topography, 
such as capes or canyons as well as the wind stress (Shannon, 1998; Nelson, 1992). 
Upwelling is intense where the winds are strong and the shelf narrow and deep. 

According to Nelson (1992), upwelling induced by wind events that last a few days is 
more productive than continuous upwelling. One disadvantage of continuous wind is that 
Ekman layer can deepen to a point below the euphotic zone. At that level, respiration. of 
developing plankton continues, but because light levels are low, carbon is not fixed and there 
is no growth. Nutrients are consumed unprofitably and a part of the stock will not reach 
maturity. Ekman flux depends only on windstress and latitude. 

The Benguela current region is one of the world's major coastal upwelling systems. It 
is characterized by the pulsed input of cold, nutrient-rich water into the euphotic zone at 
specific sites along the west coast of Southern Africa between 15-35°S (Lutjeharms and 
Meeuwis, 1987), latitude 15°S is the approximate northern boundary of the highly upwelling 
favourable wind field in the Benguela (Shannon, 1985; Picaut, 1983; Nelson & Hutchings, 
1983). 

Hardman-Mountford et al. (2003) used the nearshore-to-offshore SST gradient as an 
upwelling index and found that for months January-April, upwelling along the Angola coast 
restricted to the section off Namibe (16-17°S) where the SST gradient was (-2°C) all year 
round. The windstress at those latitudes reaches a maximum in April and October (Shannon, 
1985). 

During the dry season (May to September), upwelling of similar intensity was 
observed between 8-12°S (Luanda-Lobito). Obviously this could not be wind-driven 
upwelling because the pseudo-wind stress observed in that location was less than 10 m2 

S-2 

and insufficient to drive Ekman transport. Berrit (1976) also found that north of 15°S the 
winds do not favour Ekman upwelling and that the strong upwelling signal in the temperature 
data had other causes. According to Hardman-Mountford et al., (2003) upwelling is caused 
by remote forcing from the Western Equatorial Atlantic. This remote forcing is explained by 
Moore et aI., (1978) who attribute part of the upwelling to an internal Kelvin wave generated 
by increased easterly winds off northern Brazil. 
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2.4 The Inter-Tropical Convergence Zone (lTCZ) 

The ITCZ (Intertropical Convcl'geoce Zooe), al", called the "mdcDrulogical equatur" 
i, t\}(, convergcnce zone between thc northea,t tfade windo blowing from t\}(, tropics of 
Cancer towards the geographical equator and the southeast trade winds hlowmg fmm the 
lmpics Df CapncDm tDwards the equatDr. Thc 1TCZ is situated al appmxi!lllitc1y 4"N but 
varic, ,ea,onally. 11 move, llirthef norlh, when the ouulhea,t lrade windo arc otrong (June­
Septemberi wimer of s.outhern hemisphere) and close to the equator when they al'e weak 
(J anuary-Apn Il,ummer of ",uthem hemi;phere). 

According tD Even",n (1998), the southea<t trade winds blDw acro", t"" "'luator 
kad,ng 10 an E~man dliit 10 the len (suulhwe<,lwardo) ouuth or thc Equator, " dnn mtu thc 
wind direction on The equaTO! where lhe Conoli, foree i8 zen> and an Lkm~n drift to the right 
Tl< ,rth 0 f the equotol' Thi < generales the v.ell-kTl<,w"Tl equatorial divergence just <Duth of the 
equalur. Thu. lhere IS nu s'gmficant Ekman tTJn,porl m lhe regiun bctween The lwu Tradc 
wind ZOnCS 

1.5 Influx of the Con~o River flow 

The AngolaT1 marine CT1V1ronmcnl Ii- inHuenced by the in[]ow of scwral rivet's, the 
largesl I"'ing th" CongD River with a maximum di;charge of about 90,()()fI m' ,.1 and J 

minImum of n.()()() m3 s-' (PctCl"s. J9n). rhis reduces the nDmlal ;urface ..alinity from 
aboLlI 35 to as low as 27.6 allhe mOLllh urThe river (5 0 S) and 30.J at Amhnz (7°S) and is 
al,o t to enhance I J III tile vidnity of the mouth. Compal"ed with 

~~ the CDngo, the influences of Dther livers, 
,.., - .. _ like the Cuam:a, Ambriz and Cunene. 

arC rclatively ,mall. 

JiJg.Il_S Tlte Con2. Ri"er bo.,in ("-ftu tho W"rld 
Re.o~r<o, in"ituto, 2(03). 
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According to Pl"Ohst and Tardy (I'J87), 
the Congo l{iver has an annual discharge 
0l'aboutl.45 x 10" m" yea{1 and it i, 
considcred ~s the second lal"gest river in 
the world after the Amazon (Brazil). 
"I he seasonality index (SI), which is lhe 
ratio between the high and 1m, flows, i8 
1_7 The mdex is vcry low lor thc Congo 
whcn comp~r<,d to that of mher riveT> 
like Niger (13) and Orange (8) and is 
due In lhe regularity ol'rmnlall. 
The annual tolal rainfall in the equatorial 
regIOn of The Cungo cx~ecdo 1400 mm 
year-1 
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The catchments area of the Congo River (Fig.II 5) is situated in Lubumbashil Katanga 
(southeast of Congo) region (5-100 S, 25-300 E) with a tropical climate similar to the northern 
Angola. 

It then flows northward through Kisangani (1°N, 25°E) to Mbandaka (OOS, 18.5°E). 
Between Mbandaka and Kisangani (Fig.II 5), the river flows through the dense equatorial 
rain forest, where the flow varies between 5,050 m3 S·l and 19,800 m3 S·l. These cities have 
an equatorial climate i.e. the rainy season lasts all year. Downstream at Kinshasa (5.3°S, 
15.5°E), the flow reaches 90,000 m3 S·l, almost four times that observed at Kinsangani. 

This is due to several tributaries (Kassai, Kuango, etc ... ) feeding the river between 
Mbandaka and Kinshasa (Fig.II 5). From there it flows to and out into the Atlantic Ocean, 
maintaining almost the same flow rate (www.oasisfounadtion.orgloasis/okapi/congoriver). 
According to Eisma and Van Bennekom (1978), the flow of the Congo River has two highs 
and two lows. The maxima occur in December (60,000 m3 

S·l) and in April-May (41,000 m3 

S·l) respectively. The minima occur in July-August (29,000 m3 
S·l) and in March (32,000 m3 

S·l) respectively. 
In general the outflow of the river is directed towards the northwest, turning westwards near 
the edge of the continental shelf. Another part of the flow is directed southwards and this 
plume is observed down to 11°S (Bertit, 1966). 

According to Eisma & Van Bennekom, (1978) the horizontal salinity distribution 
observed in 1976 showed a variation on the surface from 15 to 23 just at the mouth, and 
varies between 23-34 in the offshore direction (11-9°W off Cabinda and Pointe Noire 4-6°S). 
During the Benguela Niiio-95, the salinity values dropped down to 28 all along the plume at 
5 m depth and the brackish water was observed in the south of Luanda (Gammelsmd et at, 
1998). 

2.6 Brief overview of Remote Sensing (Meteosat and Sea WIFS) 

2.6.1 METEOSAT 

Meteosat is a geostationary satellite (Fig.II-6) series maintained by the European 
Space Agency (ESA). Meteosat-l (FigJI-7) was launched in November, 1977 and six others 
since then (Robinson, 2004): 

.. Meteosat-l (1977-1979) 

.. Meteosat-2 (1981-1989) 
• Meteosat-3 (1988-1995) 
.. Meteosat-4 (1988-1995) 
.. Meteosat-5 (1991-2003) 
• Meteosat-6 (1993-2003) 
• Meteosat-7 (1997-2003) 

A geosynchronous orbit is achieved if the satellite orbits in the same direction as the Earth's 
rotation with a period of one sidereal day (23.934 hours). If in addition it is positioned in a 
circular orbit above the equator then it appears to be stationary relative to an observer on the 
Earth and therefore always views the same area of the Earth's surface. The satellite is then 
said to be in a geostationary orbit and in order to maintain this orbit, it must be at an altitude 
of 35785 km above the Equator (Robinson, 2004). 
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A geostationary ,atdliw (Fig.1I 6) i, thu, in prin~ipl~, ~apabl~ of continuc}Us 
observa(i()n ()f a singl~ point on lhe earth's sLLrfa~e bill, because of its position, it is incapabk 
of ohservation ut bigh latitudes. Metemat, for example can nO! "sec" bCY(llld bOO\! and &O"S, 

H~.t 1-6 C.n<t.tinn.I'Y .nd nl'hital ,atellit .. (~ft., Lill ... and .t .1 .. 2004) 

M,tcosat carri~, a s~nsor ~all~d VISSR (Visible and Infrared Spin Scan Radinmdcr), 
d~signcd to monitor cloud, measure cloud and eatth ,urfuce temperuture' and ~,(imak 
lh~ waler vapour c(\nten! of the atmosphere, It bas three spectral bands: 10.5-12.5 ,LLm 
(thennal infrar~d), 5.7-7.1 ,um (waler vapour) ~nd 450- 1 000 nm (visible) (Fig.!l 8) 

Communication 
antennae 

Radiometer 

Earth-view port 

Solar cells 

Th~ sensor g~n~rnles two 
Ihemlal lnfrarcd images per 
bour consisling of 2500 ,can 
lin~" and 2500 pixds ea~h, The 
v"ibl~ ~hannel has two 
deleclors, thus sampling tv.'ice 
as fa,! t(} produce a 51XlO x 
5(){)() pixel images. 

Because the sensor has only one IR band, split windo", of multihand almmpheric 
cotTection' ,uch us employ~d () c()rr~cl l\OAAiAVllRR (Advanced VeT)' High 
Re,olution Radi()mekr) SSTs cannot be used, Such CotTection, ar~ therdor~ normally 
a~hiev~d Ihmugh comparison with ,bip' ohservations (D~mar~'l and Cileau, 1995). 

2) 
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ri~.J I_H Eledromagn.tic 'p.,:tr. (l.ilI.".nd <1 .1., 2004) 

2.6.1.1 .\Jeteosat composite SST d:.lfa ,ttl! 

! 
" l 

• , , 
~ " , 

• , 
! , 

w 
wavej"ni/lh (m.~.) 

" ! , 
0 

" , 
1 

,co 

!lIe basic Mctwsal SST data products an; ddi~~'Tcd 111 the fonn of an lma£e dut, set in 
satellite CO<l.dinales, the rows corresponding 10 scanlincs and (he columns \() Iht' PIXelS. The 
pixel n'~ i, based appmx imaldy on the sensor spatial resolution that is around 5·6 km. 
Such data arC not c()flvcnicnl for oceanogrup/lic awl ieal Ion.' because 

• They arc nOl griddcd in geographical coordinate, 
• The \'()iume of data, 48 images per day_ is u.,uully UImecessarily large. 

For this reason, as ",ell as (0 draw olLl u,eJu] info!lnat;')I' from partly cloudy images. SS"! 
images are often condensed into composite data sets, which average the mea,urements within 
larger space-time sampling bins.lhe 'Patial grid for such composite proJuct~ IS nommlly 
defined III c(Klrdinaies "f latitude and longitude, typically 5', 10',0.5",0,1" in size oflhe 
cells which correspond, 10 about 9, 19,55 Or 11 Ian respectively. The east-west size in km 
vane., with latitude. Typical timescale integrations arc 5 day, J week and OnC month, 

Composite SST Images are produced by averaging, f()[ each grid cell, the SSTs from 
cloud-free pixels within the binning time intcrvaL Sometimes, instead "I' a~eraglllg, the 
maximum SST from the time interval is used in order to eliminate possible bia~ caused by 
cloud contamination. 
lbe SST images u,ed in this study wcre 5-day and monthly composites pmvided by lRll in 
France. The images cover the geographical arca (5-4D"S) and (5_400E) and conSISt of 650 
scanhnes and 650 pixel, each and produced accordmg to the procedure described by 
Demarcq and Citcau. (1995). The SST rcsolutiun IS 0,5 and the spatial re""lution, 5,91 km in 
central Angob. 
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B~sid~s lh~ chlorophyll, lher~ ar~ olher subslanc~s slLch as: 
• SlLspend~d "ParticlLlal~«sedim~nt<) 

• Dissolved organic compounds (dctrims of de~d org~nisms) 
• Yellow suhstanccs (dccaycd veg~mtion) 

which conlriblltc to th~ light scatt~ring and absorbing properlies of sea w~tcr, A portion of 
the sunlight incident on th~ s~a is r~flected ~t th~ surf~c~ and a portion is r~fractcd to 
penelral~ the ,-",~an. Lighl r~n~ct~d at the surtac~ carri~s no informalion on the water 
constituents, but thc spectrum ofthc -portion which penetr~tcs is modi!led by thc in-wal~r 
cOllstituents so that th ~ light scattered back out of th~ oc~an towards th~ satellitc s~us or 

"an;~< information on th~ optical proptrrti~s of lh~s~ constilu~nts, The d"Pth to wnich th ~ 

light p~nctrat~s dCP"nds on thc cOllc~ntralions ofsllSpend~d and dis<olved mat"';al bUl 
typic~lIy v~ries bctv."ccn 20 and 50 m. The absorption propcrtics of watcr is such that only 
light within tm: visihle part of th~ solar spectrum can pcnctratc to a significant dcpth, hcncc 
oc~an colour r~mote sellsillg, which operates within thi< <pectral halld. i< the only form of 
r~mote s~nslng which proyid~s information on the bulk wal~r prop"rtles, 

Data arc proccssed from the measuremrnt of radiance ~nkring the S~n<or in eacn 
channel until obtaining the digiml counts, Pall ct al., (2003) madc it} depth study, morc 
tktail~d and updated analysi< of Sea,ViFS data processing steps consisting of on-orbit 
calibration bctw~~n the radianc~ m~a,uroo hy the s~n<or against MOBY (Moor~d Optical 
Buoy off Jl~waii) data, atmosphcrk correcrion, calibration and validation, against in situ 
measurements, masks and flags and level -2 and level-3 Sea WifS products. rh~ same 
proc~ssing st"Ps are also di <cussoo in Rohin",," (2004). 

In this stlldy 5-day composit~ imag~< of chlorophyll-a concenlTalion wer~ used. Tn~y 
w= produc.x1ll·om ScaWiFS GAC ("Global Arca Covcragc·) fomlal data by lRD (Franc~) 

according to th~ proc~dure descril>ed hy J)emarcq et aI" (2tXl3). These images cover th~ same 
g~ographical area as lh~ Mel~osat SST imag~s (5_400 S; 5-4OCE) and consist of R25 <canlines 
with 825 pixels per scanline, The spatial resollLtion in Angolan walers is abolLt 4,5 km. 
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Besides the chlorophyll, there are other substances such as: 
• Suspended particulates(sediments) 
• Dissolved organic compounds (detritus of dead organisms) 
• Yellow substances (decayed vegetation) 

which contribute to the light scattering and absorbing properties of sea water. A portion of 
the sunlight incident on the sea is reflected at the surface and a portion is refracted to 
penetrate the ocean. Light reflected at the surface carries no information on the water 
constituents, but the spectrum of the portion which penetrates is modified by the in-water 
constituents so that the light scattered back out of the ocean towards the satellite sensor 
carries information on the optical properties of these constituents. The depth to which the 
light penetrates depends on the concentrations of suspended and dissolved material but 
typically varies between 20 and 50 m. The absorption properties of water is such that only 
light within the visible part of the solar spectrum can penetrate to a significant depth, hence 
ocean colour remote sensing, which operates within this spectral band, is the only form of 
remote sensing which provides information on the bulk water properties. 

Data are processed from the measurement of radiance entering the sensor in each 
channel until obtaining the digital counts. Patt et at, (2003) made in depth study, more 
detailed and updated analysis of Sea WiFS data processing steps consisting of on~orbit 
calibration between the radiance measured by the sensor against MOBY (Moored Optical 
Buoy off Hawaii) data, atmospheric correction, calibration and validation, against in situ 
measurements, masks and flags and level-2 and level-3 Sea WiFS products. The same 
processing steps are also discussed in Robinson (2004). 

In this study 5-day composite images of chlorophyll-a concentration were used. They 
were produced from SeaWiFS GAC ('Global Area Coverage') format data by IRD (France) 
according to the procedure described by Demarcq et at, (2003). These images cover the same 
geographical area as the Meteosat SST images (5-400S; 5-400E) and consist of 825 scanlines 
with 825 pixels per scanline. The spatial resolution in Angolan waters is about 4.5 km. 
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Chapter III Data and .\1ethods 

3.1 Data 

3.1.1 SST Compo~ite images (rom Meleosat series (1987-2002) 

A time series of 5-day SST composite images (1987-2002) in th~ form of 650 x 650 bytu 
arrays, covering tlle region between 5'-4ll'S and 5"·4ll"E, with a spalial resolution of about 
5-6 km in Angolan waters and a thelmal resolution of O.S°C, were provided by the IRIl 
(Franc~) (D~marc'l & Cit~alL, 1995). Thus~ imagus w~r~ us~d 10 produce: 

, 

" 

I , 
! 

• Monthly SST "ompo,it~s (650 x (50) cmwing the same arua and ha\~ng the 
same spalial resolution and thermal resolulion. 

• Monthly SST averages (climatologic,,) as binary imag~, cov~ring th~ sam~ 

"'gion and with th~ ,amu ""olution. 

"''''''''''''''''' " . ... _""'" '" '" <><TA "" 
""''' ''''''.-' ",1""" "~'c-., .. ~ ,,~.,,., 

.,,"" 
~,., 

, " , 
.""'''' 

JIlglll-I lII'togram of tb< dl'tribution of .\\<!<o.at-SS J' data Oil ",atl,] (1987-19881 "lid (1993-1994) 

The pi~d valu~s are digital num bers (flN) ranging octw~en 0 ami 255. Thos~ vallL~' ar~ 
convmtml inlo (kgr~~ Cel,iu, 'IS ii)ilow", 

SST- 55-(DN/2) (3.1) 

TI,e x- and y-coonlinates oflh~ imagu ar~ conv~n~d into geographical coordinates (lalillLde 
amllongitud~) as fi)ilows (Appendix #3): 

Lat =la1ll - (yp/2)-{yl* yp) 
Lon=lone + (~pI2) +(~ I * xp) 

"·'here 
xp- (lone-lonw)/x 
yp- (Iatn-Iah)/y 

"I & 'II are the given x-and y-coordinates ofanypixd 
xp & yp are the size of the pixel in x- and y-dir~cli{)ns 
(latl1=-5 & lat,=-40) ar~ tlw nonhern and southern latitudes 
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(1{)ne-5 & lonw-40) and th~ ""st~m and westem longitudes 
,,-650 and y-650 (pixel size of(1le im~ge) 

J.1.2 Seawifs GAC image, for C'tllorophyll_a couc~ntratiou (1998-2004) 

A time selies of 5-day surface chloropl1yll·a composite images (1998·2004) werC pwvi<kd 
by thc IRD (France) Ii-,'m S<:aWiFS GAC ('Glohal Area Coverage") images (Demarcq et ai, 
2(03). These images are in !he form of 825:,825 byte array' and cover th~ region between 
5° ·40"S and 5" ·400 r:. "itll a spat; al resolution of about 4.5 Jcrn in Angolan walen. Th~y "er~ 
usn] to 'Produce: 

• Monthly chlorophyll·a compo>!!e, c,,,enng (h~ same area and with the same 
spatial resolmion. 

• Chlorophyll·a monthly avel-ages (c1imatoJogies) as binary image, wllh the sam~ 
coverage and 'palial resoitdion. 

The digilal n"ml""rs (Ill\") in these images are convelted into mg m" as follow,: 

Ctll- l O(M'''"l'l' HI) (3.6) 

The same COnVCr>lOn formulas (x· and y·coordinates into latitude and longitude) used with 
Meteosat·SST images (Appendix #3), are also ",ed with SeaV .... il'S chlorophyll images, 
~xcept that the pi~eI sizes are different (,,-825 and y- 825). 

- .. ,~--,~~-,-~-.. '" 
~,.,~"" ,- '.'.'" 

" 

! 

1'i~.J t [·2 lli.t"~r"m nf til< di<tributi.n of Sea\\"iFS C.tor"l'hyll d .. ~ on ,,,,_(hI (19'9~·IOO~) 

NB, III the S·day Sea\"iF. tmages, there are more cJOllJy pixels lhan in S·Ja} Me(lJosnt SST 
images.lhis is inevitable coruequence of (he fact lhal only one SeaWiFS image per day is 
available comparing with 48 in the case of Meteosat SST, This was partic"larly a pf()bl~m off 
northern Angola. (Fig,IlI I & Fig.1T1 2). 
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3.1.3 CTD data from the RIV "Dr. FritdjofNansen" 

A set of CTD data from oceanographic surveys (1994-2003) conducted by the 
Norwegian RIV "Dr. FridtjofNansen" off Angola, were obtained from the National Fisheries 
Research Institute of Angola (!NIP). 

All CTD data were in ICES format, converted into CSV format, for import to 
software such as Microsoft Excel or Golden software, "Surfer 8.0". The temperature is in 
degree Celsius (0C) and the salinity in standard unit (IAPSO). 
CTD temperature and salinity data were used in conjunction with satellite data to study 
aspects in the Congo River plume and Benguela Nifio'95. 

3.2 Methods 

3.2.1 Display of images using ENVI 4.0 

Envi 4.0 (Environment for visualizing image) is a powerful software tool (by Research 
Systems Inc.) used to process satellite remote sensing images. In this study, it was used 
mainly to visualize images (Fig.II 3 & Fig.II 4). 
This powerful software was also used to display high resolution NOAA-A VHRR-SST, 
including gridding, geographical coordinates and annotations ... (Fig.II 4) but also to conv~rt 
Meteosat-SST images from their matrix 650 x 650 form into the 825 x 825 of Sea WiFS 
chlorophyll-a images. 

3.2.2 Data extraction and manipulation using IDL. 

IDL (Interactive Data Language by Research System Inc.) is a complete computing 
environment for the interactive analysis and visualization of data. For the purposes of this 
investigation, almost all data extraction and data manipulation tasks were performed with 
small programmes written in IDL (Appendix # 1-23). 

3.2.3 General principles of low spatial averages 

Statistics was largely used in most of the computations made in this particular study. 
1. Data extracted from a swath or from a scan-line/latitude are averaged to get a mean­

value. 
2. The same formula is also used to compute the average of the mean monthly SST/Chl­

a in a time-series in order to get a mean-value for all January ... December. 

The mean-value is computed as follows: 
N 

SSTlj=llN (DSTj ) (3.7) 
j=1 

Where SSTij is the averaged temperature 
SSTj is the temperature in a given time (year) 
i is the month (January - December) 

N= number of samples and j is the year 
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3. In order to despike a curve, smoothing is applied by averaging a certain number of 
pixels. The formula is slightly different from the previous one: 

w 

SSTI =lIw ( DSTI +J-(W+l)I2) 

J=1 

(3.8) 

4. The SST or Chlorophyll-a gradients are computed as follows: 

Where 

(3.9) 

A= (2i+w-l)/2 (3.10) 

SSTi is the result of the smoothing by averaging "w" computed at i rank (position) 
1= (w-l)12 , ... N-(w+l)/2 
SST: the original SST 
J: index (j=0 to j=w-l) 
N: is the total number of samples 
W= number of data values considered (ex: 11 or 25) equivalent 0 SST 

5. The standard deviation is a measure of the typical difference of a data value from the 
mean value of all data points (Emery W.J & Thomson R.E, 2003) and it is computed 
as follows: 

N 

(ulj) = [(1/(N-l» L( SSTj_SSTIl1°'s 

j=l 

Where a i j is the standard deviation 
SSTlj is the averaged temperature computed at (3.7) 
SSTj is the temperature 
i is a given month 
N (number of samples 
J is a given year 

(3.11) 

6. The anomaly is the difference of a sampled data from the mean value of that 
particular point. It shows a positive or negative trend and it is largely used in 
oceanography in order to study the inter-annual variations of a given parameter. 

Where 

It is computed with the following formula: 

SSTIj is the averaged temperature 
SSTj is the sampled temperature 
i is a given month 
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J is a given year 
SST(A)ij is the temperature anomaly 

7. The principle of normalization, also called standardization is widely used in 
the computation of the anomalies. This principle returns a normalized value 
from a distribution characterized by mean and standard deviation. The standard 
normal variable SST(A)ij is normally distributed with a mean of zero (0) and a 
standard deviation of unity (1). 

(3.13) 

Where U ij is the standard deviation at a given time j 

NB. In all cases, SST is replaced by the concentration of cholorophyll-a whenever dealing 
with Sea WIFS-chl-a data. 

3.2.4 Variation of SST and chlorophyll in the longshore direction (Angola CoastINorth­
South) 

5-day composite images both from Meteosat-SST (1997-2002) and from SeaWiFS­
Chlorophyll-a (1998-2004) were used as input. An appropriate IDL program (Appendix # 1, 
2) allows reading and extracting data, then computing the mean-SST or the mean­
Chlorophyll-a of a given sub-area bounded by the northern and southern latitudes and an 
offshore distance (swath) for an image. Six images over a month is used to compute the 
monthly average (Eq 3.7) then another mean over the entire period of study is computed 
using the same equation. 

The northern and southern boundaries correspond to each degree of latitude from 5.5 
to 17.3 oS (5.5-6.5, 6.5-7.5, 7.5-8.5, ... 16.5-17.33) and three different offshore distances were 
used: 10 km, 20 km and 30 km. 

Swath1=10 km (An offshore distance from the coastline) 
Swath2=20 km (An offshore distance taken from swath 1= 10 km) 
Swath3=40 km (An offshore distance taken from swath2 +swathl =30 km) 

In order to study the monthly variation of SST/ChI-a, mean-SST/mean-Chlrophyll-a are 
plotted in a diagram (latitude versus months) with Surfer 8.0 while the inter-annual variation 
is plotted in a diagram (SST/Chl-a versus latitude) with Microsoft Excel, using the monthly 
averaged mean-SST/mean-chl-a as input. 

This particular study was undertaken in order to find out discontinuities in the SST 
and in the Chlorophyll-a. Those changes defined the boundaries of the sub-regions, which 
exist in Angola in the longshore direction. 
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3.2.5 Variation of SST and chlorophyll in the offshore direction (off Angola! East-West) 

As the longshore direction, a similar study was undertaken in order to identify the 
changes observed in the offshore direction. Instead of 5-day composites, averaged monthly 
composite images (climatologies) were used as input either for SST or for chlorophyll-a with 
a wide offshore distance (300 km), almost covering aU the EEZ (Exclusive Economic Zone). 

An IDL program (Appendix #4) was used to read and extract data from each image 
from January to December at each latitude (5.5, 6, 7, 8, 9, 10 ... 17.3) from 5.02 to 17.3°S. 
Thirteen (13) lines corresponding to the latitudes were considered with 54 pixels for SST and 
68 pixels for chlorophyll with the same offshore distance (300 km). 
Instead of twelve, only four months were selected for this present study: January and March 
for summer and July and August for winter. 

Since Sea WIFS-Chl-a images are cloudy in the northern part of Angola and 
especially in January for some years (Fig. III 2), averaged composite images (climatologies) 
were used for this study. 
The pixel values converted into SST and chlorophyll-a are plotted in a diagram (SST/Chl-a 
versus offshore distance) in Microsoft Excel. In order to despike the curves 
(SST/Chlorophyll-a), a 5-pixel average smoothing was applied (Eq 3.8). 
Then the anomalies were computed at each latitude (Eq 3.13) from the despiked SST or 
chlorophyll (Eq 3.8) in order to find the trends (positive or negative). At last, a correlatioh 
was made from one latitude to another for the selected months and allowed to divide the 
region in sub-regions. 

3.2.6 CLUSTER ANALYSIS 

3.2.6.1 Introduction 

The main objective of this study was to partition the Atlantic Ocean off Angola into 
regimes (zones) of more or less uniform oceanographic properties. For that, it was necessary 
to find the number of sub-regions and their respective geographical boundaries. 
A technique used for this particular study was "Cluster Analysis" which is an exploratory 
data analysis tool aiming at sorting objects into groups in a way that the degree of association 
between two objects is maximal if they belong to the same group and minimal otherwise 
(http://www.statsoft.comltextbooklstcluan.html). 

It can also be described as a multivariate analysis technique that seeks to organize 
information about variables so that relatively homogeneous groups or "clusters" can be 
formed. The clusters formed with this family of methods should be internally highly 
homogeneous (members are similar to one another) and externally highly heterogeneous 
(members are not like members of other clusters) (http://socialsearchmethods.net 
ltutorial/flynnlcluster.htm). 

The classification is based upon a cluster analysis of sample-based distances. Bryan et 
al. (2003) gives more details in the book entitled "Cluster Analysis". The joining or tree 
clustering method uses dissimilarities (similarities) or distances between objects when 
forming clusters. Similarities are a set of rules that serve as criteria for grouping or separating 
items. The distances (similarities) can be based on a single dimension or multiple 
dimensions, with each dimension representing a rule or condition for grouping objects. 
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The most straightforward way of computing distances between objects in multi-dimensional 
space is to compute Euclidian distances. 

If one has a two- or three-dimensional space this measure is the actual geometric 
distance between objects in the space. 

(3.14) 

These Euclidian distances are usually computed from raw data, and not from standardized 
data. The advantage of this method is that the distance between two objects is not affected by 
the addition of new objects to the analysis, which may be outliers. 
Other methods are used to compute the distances, for example: , 

• Unweighted pair-group average: In this method, the distance between two clusters is 
calculated as the average distance between all pairs of objects in the two different 
clusters (Sneath and Sokal, 1973). 

• Weighted pair-group averages: this method is identical to the previous except that in , 
the computations; the size of the respective clusters is used as a weight. 

• Unweighted pair-group centroid; the centroid of a cluster is the average point in the 
multidimensional space defined by the dimensions (it is the centre of gravity for the 
respective cluster). In this method, the distance between two clusters is determined as 
the difference between centroid (Sneath and Soka!, 1973). 

• Weighted pair group centroid median: is similar to the previous one, except that 
weighting introduced into computations to take into consideration differences in 
cluster sizes (i.e. the number of objects containing in them). 

Sneath & Sokal (1973), Vermunt & Magidson (2000) and Bryan et aI., (2001), provide more 
details in different methods used to compute the distances in order to classify objects into 
clusters (squared Euclidian distance, City-block distance, Chebychev distance, power 
distance, single distance (nearest neighbour) and complete linkage (furthest neighbour). 

3.2.6.2 Cluster procedure applied in Angolan waters 

For purposes of this study, the objective was to classify image pixels in the ocean off 
Angola. So as to form clusters (groups) with similar SST and chlorophyH-a properties. As 
input to the cluster procedure, four SST and four chlorophyll-a images were chosen 
corresponding to January and March (summer) and July and August (winter). Theses months 
were chosen for most representatives of seasonal changes. 

Two steps of pre-processing were required i.e. (a) the SST images were transformed 
from their matrix 650 x 650 form to the 825 x 825 form of the chlorophyll-a images and (b) 
to avoid bias in the cluster procedure to one or other of the eight input parameters, all images 
were normalized by subtracting the mean and division by the standard deviation of pixels in 
the research area. The research area was defined as the 370 km wide swath (approximately 
200 nm EEZ) between the Angola borders (5.1-17.3°S). 

The cluster procedure itself was performed with IDL program ."make-cluster.pro" 
(Appendix #19) based on the two IDL commands: CLUST_ WTS (weights of the 
cluster/center of the clusters) and CLUSTER (classification of the samples). 
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A weakness of the procedure is that in itself it provides no objective means at deciding on the 
number of clusters. From Berrit (1958), Fidel (2001) and the Nansen Program division in 
conjunction with the preliminary analysis of longshore and cross-shelf variation, it was 
decided that the area should be divided into three sub-regions. Hence the program "make 
cluster-pro" was viewed to produce 12 clusters and these were reduced using a smoothing 
feature of the program to reduce the number to three. South of the ABF should be a fourth 
sub-region, but the cluster procedure did not define that part as a single area with common 
properties. Instead it was defined as a large number of small sub-regions indicating an 
immensely very variable region. 

3.2.6.3 Delimitation of the boundaries of sub-regions off Angola. 

The previous studies did not allow defining accurately the boundaries of the sub­
regions off Angola. Different results were obtained in the longshore and offshore directions 
and those results also differ whether the input was chlorophyll or SST. 
But the approach was not useless instead it was used as a guide in structuring the results 
obtained with the cluster procedure described earlier in this chapter. 

This approach uses a combination of SST (4 images) and chlorophyll (4 images) and 
the technique consist in grouping pixels of the same properties. The number of images is 
unlimited and in this particular research, a test was made up to 24 images (12 SST and 12 
chlorophyll-a). Bryan et aI., (2003) give a detailed analysis of cluster procedure and this 
technique is used in numerous fields: biology, medical science, sociology ... 

In this particular research, the best result was obtained with twelve clusters (12 
groups) which were reduced to three clusters (3 groups or sub-areas) by smoothing several 
times each of the clusters. The results obtained previously in the second approach (variation 
of SST and chlorophyll in offshore direction) in defining the sub-regions off Angola, were 
used as a guide in the choice of the number of clusters as well as the last results obtained 
thereof. 

The IDL program outputs three files: 
• A header file containing the x and y-coordinates and the one-dimensional indices, 

which can be read in WordPad. 
• A binary file with the entire cluster results including what contains in the header file 

can be read only with IDL program. 
• The cluster image saved in png format (portable network graphic file) showing three 

clusters corresponding to three sub-regions off Angola (Fig. III 3-4). 
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Fii.lIl-3 TIle original ","",un, of lhe lh'" sub-regions as oblained from lh' "Cluster Pwcc dure"(left) 
and th. " COtTo,p(lllding "OV>' g.o~rop~loal bound~l'''' (ng~t) 

Fi ~.III-4 Coo2rapbkal ,truttur. (.",ath) of t~e thre •• ub_rogi,m. ,,-itb ne" boundari ••. 

The duster image was read and di'played with different colours (RUB) and the results are 
described in the table below. 

~ 

Clusler, Colours RoO % I Green % Blue ~,~ 

Clus12 Dark ink 252 99 43 17 255 100 
Cludl Dark oran 'e 252 " 107 42 0 0 

----
Ciusl0 Oran 'e 255 100 19' 76 " 7 

Then the numl,.,r of pixels contained in each cluster w~s computed using difTerent colour., 
then compared WIth the numbers found ill the header file (results from IDL duster program) 
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Clusters Number of pixels Number of Difference 
from the ROB pixels from 
(colours) the header file 

Clus 12( offshore sub-region) 14673 14523 150 
Clusll (coastal sub-region) 5562 5412 150 
Clus10 (northern sub-region) 3496 3346 150 

With ROB, the number of pixels was 150 more than in the cluster file. The ROB includes the 
colour bar, which contains 150 pixels. 

The sub-regions were denominated: 
1. The northern sub-region 
2. The coastal sub-region 
3. The offshore sub-region 

The original sub-regions (cluster results) had irregular geometrical shape, which could make 
geographically difficult their location or their repeatability. For this reason, the original 
cluster results were used as a guide to draw sub-areas structurally more or less identical. 

3.2.6.3.1 Boundaries of the northern region (Fig.lll 3) 

In all cases, the x and y coordinates of each sub-region were measured with the IDL function 
RDPIX. The distance between two points (swath width or offshore distance) was computed 
using another IDL function MAP-2POINTS. The conversion from x- and y-coordinates into 
longitude and latitude was made with the appropriate conversion formulas (Eq 3.2-3.5). 
This sub-region was divided into two sub-areas (I & II) due to the difference of swath widths; 
which were afterwards merged in a single sub-region (Tables 111-1 &2). 

Table. 111-1 Northern sub-region (I) 

Xl Y1 X2 Y2 Distance (km) Latitude 
84 0 167 0 370 5.1°S 
95 41 172 41 370 6.8°S 
Average of the distance 370 
Swath width (I) 370 
Boundaries latn =5.1 oS Iats =6.8°S 

Table. 111-2 Northern sub-region (II) 

Xl YI X2 Y2 Distance (km) Latitude 
150 41 172 41 103.31 6.8°S 
173 64 188 64 70.19 7.7°S 
190 87 198 87 37.34 8.7°S 
Average of the distance 70.28 
Swath width (II) 70.28~Okm 

Boundaries latn =6.76°S lats =8.71 oS 
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For the whole northern sub-region 
Latitude north: 5.02°S 
Latitude south: 8.71 oS 
The offshore distance: 370 km (200 nautical miles). 
From latitude =6.76°S to 8.71°S, the offshore distance was reduced to 70 km. 

3.2.6.3.2 Boundaries of the coastal region (Fig.HI-3) 

This coastal sub-region was divided into three sub-areas (I, H & IH) for the same reason 
described above, the difference of swath widths. The sub-areas are afterwards merged to 
make a single sub-region with the same properties. Fig.III 3 shows the original re~ult and the 
offshore distance is not the same. It was necessary to take seven different widths for coastal 
sub-region (HI) and three for coastal sub-region (II) and then compute the mean for each 
case. The tables below (tables.lll 3-5) summarises the geographical coordinates and offshore 
distances taken into account. 

Table.lII-3 Coastal sub-region (I) 

Xl YI X2 Y2 Distance (km) Latitude 
95 41 150 41 258.28 6.76°S 
95 50 160 50 304.94 7.14°S 
Average of the distance 281.61 
Swath width (I) 370-70=300 km 
Boundaries latn =6.76°S lats =7. 14 oS 

Offshore distance is 300 km from 70 km offshore 

Table.HI-4 Coastal sub-region (II) 

Xl Y1 X2 Y2 Distance (km) Latitude 
146 50 160 50 65.68 7.14°S 
148 64 173 64 116.99 7.73°S 
162 87 190 87 130.70 8.71 oS 
Average of the distance 104.46 
Swath width (II) 103 
Boundaries latn =7.14°S lats =8.71 oS 

The offshore distance is 103 km from 70 km offshore 
NB. This distance is an average between coastal (H) e (HI), therefore it was constant from 
7.14°S to 17.37°S 
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Table. III-5 Coastal sub-region (III) 

Xl Yl X2 Y2 Distance (km) Latitude 
162 87 190 87 130.70 8.71°S 
194 112 175 112 88.42 9.77°S 
195 153 207 153 55.53 11.51°S 
189 179 182 179 32.26 12.61°S 
171 224 158 224 59.43 14.52°S 
162 252 122 252 181.84 15.71°S 
158 291 123 291 157.75 17.37°S 
Average of the distance 100.85 
Swath width (III) 103 
Boundaries latn =8.71 oS tats =17.37°S 

The offshore distance was 103 km from the coast. 

3.2.6.3.3 Boundaries of the offshore region (Fig.III 3) 

Offshore sub-region (I) 

No measurements were necessary, except for the latitudes. The swath width was computed as 
follows: 
Swath width (I) = 370 - (70 + 103) = 197 km 
Boundaries: latn= 7.14 oS 

lats= 8.71 oS 
The offshore distance was 197 km from 173 km offshore 

Offshore sub-region (II) 

Swath width (II) =370-103=267 km 
Boundaries: latn =8.71 oS 

lats =17.37°S 
The offshore distance was 267 km from 103 km offshore 

3.2.6.3.4 Number and coordinates of pixels of the sub-regions 

The number of pixels found in each sub-region in the original image was in the header file 
created by the cluster program. The original cluster image obtained (Fig.III 3 left) was used 
as a guide in order to draw a new cluster image (Fig.III 3 right) with boundaries (latitudes 
and offshore distance). The number of pixels found in the new cluster image was slightly 
higher than in the original. As cluster images were in 825 x 825 format, only the Sea WiFS­
chlorophyll could use the pixel coordinates computed with cluster results. 
For Meteosat-SST, the image was converted into (650 x 650) and the functions "SORT" and 
"UNIQ" were used to avoid duplication of pixels. That is why the number of pixels in the last 
column is almost half the number of pixel in the second column. 
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Sub-regions Number of pixels Number of pixels in Number of pixels in 
in the original the new cluster the new cluster 
cluster design (SeaWiFS- design (Meteosat-

chlorophyll images) SST images) 
Northern 3119 4201 2612 
Coastal 5829 6470 4062 
Offshore 14337 13457 8379 
Total (pixels) 23285 24128 15053 

3.2.6.4 Variation of SST and. chlorophyll-a in the sub-regions off Angola 
(Appendix #1, 2 & #8) 

Monthly composite images from Meteosat-SST (1987-2002) and from SeaWIFS­
chlorophyll-a were used as input to compute the mean-SST and mean-chl-a according to the 
pixels contained in each sub-region. 

The size of the cluster images were converted from 825 x 825 into 650 x 650 for SST 
(Meteosat) while for the chlorophyll-a, they remained unchanged. 
In all sub-regions, the mean was computed by using the principle of data extraction in a 
swath i.e knowing the northern and southern latitudes and the offshore distance. 

Special techniques were used in IDL to merge pixels from two different subregions. 
(northern I & II; coastal I, II & III and offshore I & II) in order to output one mean value for 
the whole sub-region. 
Surfer 8.0 was used to study the seasonal and inter-annual variation of SST and chlorophyll-a 
in the three different sub-regions. 

Monthly averages were computed for the entire period (Eq 3.7) and three curves (one 
from each region) were plotted in a diagram in Microsoft Excell. It allowed observing the 
difference in temperature and in the concentration of chlorophyll-a in the three regions. 

Anomalies for both parameters (SST & ChI-a) were computed using the Equation 
(3.13) with SSTj (from monthly images of a particular year) and SSTij (Monthly averages 
computed for the whole period of study). 
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3.2.7 The Congo Rjver plume. 

AltL"tllptS (FigJII 5) 10 iJ,"tltify and Jmnarcate the Congo River plume consi sted of two parts: 
in the first part, a duster analysis was lIsed exactly as d~scrib~d In Ih~ previous section. 
In'kad of taking th~ el1tire Angolan coastline, only the region oftl1e plume (5.02·9.1 OS) was 
laken ;l1to consider:lllOn, up to 370 km as offsh{}f~ Jistal1c~. 

a) Using images of mean·chlo.-ophyil-a for lwGlve months and generating twelve 
clust~rs. 

b) Th~ sanl<.: as (a) but g~~Wr"ti11g ~ight citisters 
c) Using a combinatioo of twelve images of each mean-chlorophyll al1d SST and 

generating twdve ciu,ter< 

~j~. II1,~. TIl< uriginal .trudur< "r tI .. CO.~O ri,'u J>lunl< ., obtain.d from th "("I"".r Program" 
oj Only,,-itb ('hloroph~'ll (121"'agt';U du,(.r.): 
b) Onl),,, ill' Ckklnlph~ll (12 imog .. /8 du.t .... ) 
r) "'-((h Cblonlpk) II (12 im.g ... ) and SST (11 im.y. ,)!12 du,t ..... 

In the second part, salinity data from hydrographIC lranseclS through the pillme was 
<dcctnl. SST as chlorophyll data were then extract",I, at this position of the hydrographic 
station. From S-day SST and 5-day chlorophyll images best con-esponJil1g in time with the 
time the hydrographic data were collected. Since the salin,ty dala c1~arly id""liji~d lhe 
plum~, lhe p"'posc "r the ,'xcrclse was to compare the ' '<alinity transects with s~n and 
chlorophyll-a transects to determine whether the plume was det~ctabl~ with th~ remot~ 
sensing dala. 

Iloth parts of this inycstigation essentiaily indicaled that il is 1101 possible to 
discriminate between water in the plume and the background ocean water on th~ basis of SS'j 
btlt lhal or chlorophyll-a concentration was fairly effective. Ibese results agree with Ihe 
findings of Hardman--"1oulllford el aI., (2003). 
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Two IIlL programs (Appendix #' 14) and (Appendix II 21) were used to extract 
chloruphyll-a pi.~el, frum SeaWiFS images from geographical coordinale.< of lhe 
hydrogeographic salinity and to read thc CTD dala al a g,,'en deplh n:spedi,'dy. 

3.2.8 Angola-Benguela front 

3.2.1'1.1 Pf)sition of the AUF obtained from SST and ehlorophyll-a 

Monthly composite images from Meteo5at-SST (1<.1\17-2002) and SeaWiFS· 
Chloroph yll-a (1998-2003) "ere uscd to defilk the po.<ition of the A ngola-R""guela frontal 
rolle, The basic principle employcd for this was to cxlrad from each imagc a ,enes (SST & 
chlorophyll -a) representing the alongshore variation of toc paramcter and then obj(-.;tivdy 
locale lhc po,ilion of lhe maximum gradient. The alongshore "eries were obtained by 
avemging (Eq 3,7) on a dislance of6D km from lhe wa.<t on all s<:anline, belween 10--18°S. 
Veitch et al. (2006) who carried out a similar study, uscd a swath width of 30 km but this is 
equivalent 10 only 5-6 Meteosat SST pixels which was considered to be too small therefore 
60 km.<walh was adupled. 

The resulting SST and Chlurophyll cUh'CS wcre vcry spiky and lhcrclore smoothed 
with a II-point mean smooth (r:q 3,8). This proved to be insutllcient hence a second 25-
pumt smoulh was performed (Fig.1l1-5a & 5b). This choice of a large 'moothing interval wa, 
due to a bettcr despiking dTee! without afTeding the SST (Fig.1ll-6a), Since the ubj('e!i,'c 
was to locate the ABF and the front is but the highest SST'gradient, thc gradient (D. ~~T) was 
computed beh\een the two consecutive scan-lines (6 km) (r:q 3.\1), 

However the highesl SST-gradi""t (A SST) was considered as the [1."ition of lhe 
tiunt. Fig.1l1-6a & Fig.lll·6b, both show the results obtained uSlllg difkrent Ii SST (SST 
interval over which the gradient was computed) for the computation of SST-gradient. From a 
smoothed cur_e (averaging 25), fim (, SST - 3 pi.~ds wa.< lL>e<i with II and 25-smoolhcd 
SST curves, tile results in Fig.11l-6b, showed clearly so many peaks therefore it was difilcult 
lu ~hoose the one related to lhe ARF. ln order to reduce the number of peah, witholLl 
changing the latiludinal po,ilion, Ii SST - 23 was fOlLnd the moSI ac~urale and must reliable. 

Thc original SST curvc was smootocd by avemging 25 points and the interval Ii SST 
was abo 25, This second approach increased the amplitude of tile peak without afiecting the 
latitudinal position of the highest SST-I,'l"adiellt. The latter curve was well smoothed and 
cunlailled a redlLced number of peah. Thus, the se<;ond approach wa, more ac~urale lhan the 
pre,'lOu, one. 

The ~al11e procedure was used with chlorophyll, Fig.1ll-7a shows tile original spiky 
curve which was aftel'.vards smoothed (II or 25 averages) in fig.1l17-b.ln FigIIl-ga, 
b Chlorophyll=11 and b Chlorophyll=25 whi~h were compared to figJIl-8b wh..-e the 
int"",al belween pixds was re-dlLced to Ii Chloruphyll- 3, Thc latter result sho"s numerous 
peak..<;, which makes difficult roc choice of the ABF. Like the SST, b Chlorophyll =25 was 
found the most accurate. 
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3.2.8.2 Locating the position of the ABF in SST. 

As described in the previous section, the ABF was assumed to be located at the position of 
the largest SST gradient (Fig.lIl 7a) and the data series which seems most suitable for this 
purpose was 0 SST series obtained using a 25-point smoothed SST series and computing 0 
SST from points 25 pixels apart (Fig. III 8a). 
The choice of a peak was based in the following principles: 

1. Previous research on the Angola Benguela front, Shannon et a1. (1987), Meeuwis 
and Lutjeharms (1990), Mohrholz et a1. (1999), Hardman-Mountford et a1. (2003) and Veitch 
et a1. (2006) found that the ABF shifts from 14.5°S to 18°S. Consequently, an peaks outside 
this acceptable range were rejected. , 

2. The choice of a position in a given month depends on the magnitude of the SST 
gradient and the deviation of the front position relative to the previous month. 

3. If the shift in position exceeded 1 ° latitude, the first choice is given to the position 
with the second largest gradient, but it was necessary that the selected peak had a magnitude 
higher or equal to 60% of the maximum magnitude of a given month, otherwise the highest 
peak was taken regardless of the deviation. 

4. The single peaks were selected without any condition and were used as references. 
5. At last, the curve was plotted displaying the variation of the ABF within a year 

from January to December. The temperatures (Fig.lII-9b & Fig.III-lOb) corresponding to' 
selected positions were also plotted. 
The same procedure was followed from 1987 up to 2002, and then a monthly average, 
monthly and yearly standard deviations of both ABF and of temperatures were computed 
(Fig.V:44-45). Thereafter, all ABF and the corresponding temperatures (1987-2002) were 
used to compute the average monthly ABF and temperature. The average monthly positions 
of ABF and the corresponding temperature were used to compute the anomalies of ABF from 
1987 to 2002. 

3.2.8.3 Problems encountered with the chlorophyll images. 

In addition to it being a short time-series (seven years), the SeaWiFS chlorophyll images 
were cloudy in some regions especially in the north of Angola with gaps in July, August and 
September of 1998, 2001-2003 which makes the series less suitable than the Meteosat-SST 
(Fig. III 2). The attempt of detecting the biological front as the highest chlorophyll-a gradient 
led to the existence of two distinct fronts in most cases. The first one around 15-16°S with 
low magnitude and the second one with higher magnitude observed around 17-18°S. 
To overcome the problem, it was necessary to use two approaches: 

a. The first approach follows the same principles as applied with the Meteosat-SST 
(Figs. III 12a, 14a & 16a) 

b. The second approach differs a little bit from a) by the fact of rejecting the second 
factor dealing with the magnitude. The choice of the next position was governed 
only and simply by the closest peak regardless of the size of its magnitude (Figs. III 
lla, 13a & 15a) 
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In term, of reliability and a~~lLra~y of the resLLH" the >ttond approach was adopted and it 
wa~ suit~blc with the resnlts obtained with McteosJt-SST (l'ig.lV 49). If th~ hlghest 
magnitude w~, considered. the frr>~t position w~, mistaken I y moved ,ou!hw~rd by 17-1 90 S 
and On~ bcli~'Td that this ,ewnd /i-ont waS rdated to the lIpwdhng frunt or C~pc I"rio and 
the tirst to the AllI: (ShJll1lUn. 1%7). The concentrlltion of Chlorophyll at the A HI' (I:i us. III 
11- I (,b) was done a' with the Meter>s~t-SS' I . 

3.2.8.34 Di"grams reFerred tu A"gola-Ben~lIcla Front 
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3.2.9 Coa~tal Upwcllin~ off Angola 

lJpwdling " a wdl known oceanographic process which lifts cold, l1ulri~TIt-rich, bottom 
watcr to thc surface layer, It occurs most l v ~t the coast but undcT ccTlain circum,tance, in the 
open ocean (Gill, 19H2; l'edl"skv, 191\7; POl1d & Pickard. 1995 and Mann & Lazier. 19%) 

On,]lOr. ,,, .lb for up",.I ~K~ 

Offshore distan«: 12 km (2 pi .. h) 
Sw.th width: H km (4 pi"l,) 

on.hor~ .walb fur upwelling 
Offshore di"on •• ("rip): 400 I..m 
math width: 24 km (4 J>i-nl.) 

Flg.II1-4 Tb . ow, ho, .. ond oft-h<or. up".lling ,walb off An~olo 
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In this study only coastal upwelling is examined and it is done hy using ~n 

~pproximation of the cross-shelf SST gndlent as an index of upwelling intmsity and thm 
descrihing spatial and temporal variation of this index. 
Although this particular upwelling index is yuite commonly emrk1yed, a meth()d previnusly 
used In Angolan waters and described by Iiardman-Mountiaro et aL. (2003) w~s tallowed, 
Since they nsed high resolution AVtlRR SS't d~ta, it was not possible to use exactly the 
same ()ffshore distancc. Instead, it was adapted to the Mctcosat-SST: 

For the onshore swath, an offset dist~nce of 12 km (2 pixels) was used to rcmo,'c any 
errors as"oc1ated with coastline goo-location in the SST dat~ prodnct and the sw~th width 
was 24 km (4 pIxels). For the offshorc "wath, an offshore distancc of 4(){J km 'Was nsed and 
the sw~th width was mainwined to 24 km (FigIll4), 
]'he equation below, allow, to compute upwelling index 

I' p"ell; ng ;ndcx- (on,hore_SS r) - (offshor~_SST) (J.t5,l 

The index Wa, comrnted on all sc~nhlle, along the Angolan coast hetween 5S'S ~nd 
17.3'S using monthly SST composite images, From the resulting 1987-2002 seric, m()nthly 
means were calculated and these served to identify three upwelling cells. "hich will he 
referred as the Cunene, Ambriz, and Cahinda cells. For each cell ~ time series was 
construclcd b y ~vemging the index "alues on the scanlines passing throngh the cells 

:'-2.10 Bcngucla :\iiio~. 

Benguela }.jill() event' wme ldentifi~d by exanllnatioll of the SST and chlorophyll time-,crie, 
for the three sub· regions. inter-annual vari~tion in the position of Angola-BenguelJ ii-ont as 
well as inter-annual variation ill the Congo River plnme. 
Tn the discussi()n of the I \enguela Nill()s, 'penal referenl'e will !J., made to the l\engnela N ifio 
~4!95 by comparing I ~94' and 1995' mean·SST from January 10 December, Forthi, specliic 
ca<e, the prinl'iple of computing the mean-SST in a swath was nsed. The length of the swath 
was limited by the latitudes (5.02_17.3°S) and the width was equal to 60 km The Meteosat 
monthly composites were used to compute the monthly mean-SST (APP<'ndix #6), In 
addition, (TD temperatures at 20 m and s~lillity ~t 5 m depth were used to visu~lise the 
d fect of the Benguela Nii,o 95. 
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CHAPTER IV RESULTS 

4.1 Variability of SST and Chlorophyll in the longshore direction. 

The variability of SST and Chlorophyll in the longshore and olIshor~ directions was 
examined as a tirst approach to dctjn~ th~ sub-regions off Angola, but these data also provide 
insight into the sea>Qnal and inter-annual change' occurring along the Angola Coast. Thre~ 
simdar SST (Fig.!V 1) and Clllorophyll-a (Fig.!\' 2) plots "ere cons(ruct~d using data 
averaged over distances of 10 km, 20 km and 30 km from the coast, Betv,.een 5.02 ·S and 
17.3'S two main ,easons wer~ identified ITOm th~ plots: 

Th~ rainy sllmm~r starting Jrom Janllary to April, I"atur~s higrer lemp~ra(lIT~s (24-
28°C) with a peak in .\1areWApril (Fig.JV I), During this season. (he concentration in 
chlorophyll (Fig,]V 2) varies as follows: 

• ('rom 5-7"S, the concentration in chlorophyll rang~s b~ween 14-1g mg m-l 

with a peak in March. The outllow of (he Congo River is believed (0 be the 
source of this high conc~ntratiol1 At this latitud~, SS·( varies bfl\v,.een 2(,.5-
27.5"(' 

• (:rom 7_8°S, the ~onc",'tration m chlorophyll rang~s between 6-10 rug m-' 
with a peak also in .\1arch. The Congo River plume extends up to this 
latitud~, R~lativ~ly to the previous latitude, SS·t was almost Sllndar (25.5-
27.5"C) 

• From 8-17.20"S, the concentration is lower than in th~ northern latitudes and 
is almost lInifo";n \arymg bet"een 2-8 rug m-l . althollgh th~ south~m part 
has higher chlorophyll than in central Angola. 1>kanwhile th~ SST varie, 
betlveen 21.5-27.5"C 

The dry winter starting Jrom May to August, features lower temperatlll"l'S (1 (,_22"(,) 
with a trough in August (Fig.!V 1).During this season, the concentration 111 chlorophyll 
(I;ig.!V 2) "aries as follows: 

• I,'rom 5-7"S, the concentration in Chlorophyll ranges bdween 10-16 mg m-' 
with a peak in September (16 mg m") and the SST vari~s between 21-
23.5'C. 

• From 7_8°S, the concentration is almost uniform varyill!:!: bctwe~n 2-8 mg 
111.

3, with a p~ak in Augus( blltthe SST varies between 20.S-22,S°C. 
• The concentration in Chlorophyll in the low~r latitudes ranges be(ween 

g-12 mg m·l with a pcakalso m Allgust (18 mg m") while the SST varies 
between 16,5 and 22YC 

The central Angola (11-1 3"S) shows high concentration in chlorophyll m this ,CasOn and low 
in the south (14-17"S) 

TIle longshore variation (Fig.IV 3) in SS'I and in Chlorophyll allow~d identil'"ing thr~e sub­
regions with the fol k,willg charact~ristic" 

• North"", sub-region (5S7.5"S), situated bct"een Cabinda and Ambriz 
(Fig.ll:1-2) is characterized by higher temperatul"l's (22°C<r<28T), heavier 
rainfalls ranging from (,00-1200 mm year-' (l'ilip~, 1995) and higher 
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LOncentration in chlorophyll around the mouth of Congo River and along the 
Congo plume. 

• Central or Meridional sub·region (7.S-n.SOS) "hich i, situated between 
Ambriz and Benguela (Fig.I1 1 & 2). i, characterind by moderate 
temperatuTCs (22°C<T<26°C) in summer and (18°C<T<20°C) in winter. 
rainfalls ranging from 200 to 600 mm yea{L (Filipc, 1995) and lhe 
concentration in chlorophyll i, almo,t con,tant (2-6 mg m·l ) in all latitudes 
excCJlt at 7-8"S wh~'Te the concentration is slightly higher lhan the re,t of this 
sub-region . 

• Southern suh-region (13.5-17.5"S) is siruated between Benguela and Cunene 
River. It is charaderized by lower temperatures (19"C<T<23"C) in summer 
and (18"C<T<26'C) in winl~"- .The rainlall i, Ie" than 200 mm yea{1 (Filipe, 
1995) and the concentration in Chlorophyll is higher (2-8 mg m· l ) than in 
Central Angola. TIlis concentration found in thc South was half the amolLnt III 

the North. 

4.2 Diagrllm. rclathc to the yariability "f SST and Chlorophyll in thf" longshore 
dirfctioll 

Fi~. TV t Montbl~' "ri.bilit}, of SST off An~ol" ",in~ Ih,« dltlerem ,waths: (.wathl - IOkl1l: 
,"'alh!=!O~nli.lr.bor. dl,tanto - I ak"" ,,, "lb3-4a~mI.tT,bo .. dhlan< .,..~Okm) 
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ri~.IV -2 ~I "nthl)' ,'.ri.bility of Chloroph} H ofT Angol. "'iog (lIrr< difT<r<nt "".tll" '''~Uol - lOk",: 
"" ",h2- 20kmlo!hh",.., d;,t"llCe- 10km, ,,,.{hJ- 40km/o!fshore dj'''n • .-JOkmj 

I'll.1 \ .] M ontlll)' '~""bLh{~ of ~S I (Irll) .nd (1IIoroph~ R (rigllt) ID loo~'ho .... dlrt<lIon '''"L~ 
.",.{hoflOkm. 
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4.3 Variability of SST and Chlorophyll in offshore direction. 

Monthly a"~'TJgcd SST (1987-2002) and chlowphyll (1998-2003) composites W~'T~ 
u>cd for this study. January and March for SUmmer and July ~nd August for wmter were 
selected since the ohjective of this study was to find discontinuities In the offshore direction 
at each 1atitud~ (1') and corrdale the inne"ion point Or tr~TId changes obsm,'ed in giycn 
latitude to the ncxtlatiludes. 

The dJ<)il'e of the offshore dIStance (300 km) was taken according to ~""lush'e 

Economic Zone (200 mil""), "hich is too right width lilr the lish~";cs in Angola, 
At each latitude, an SST (chlorophyll) CLLrVe was dr~"n showing the variation of SST 
(chlowphyll) vc",us offshore distan"", Thirtct:n CUTY~s (5-17"S) "ere ohtain~d which "ere 
allcn>.'ards smoothed by averaging 5 pi"c1s (Fig.!\' 5 & Fig.IV 20). 

In order to see the variation (trend changes) in SST (chlorophyll), it w~s necessary to 
compute anomali~s venms offshor~ positions at cach latitudc (Fig.IV (,-18) for March and 
Fig.21-33 tor July. 
Comparing the results obtained with hoth parameters, the chlorophyll gave bcuer results 
(unifornlity in pattcrn) than SST. The anomalies ohtained with SST in March (Fig.!V (,-18) 
"ere corrdatcd ii-om north to south (5.30oS _17°S) then four suh-regions were identified_ 
Sinlliar trend ,,~s observed in other months (January, luly and August) although thcr~ wcre 
no uniiormities in their p~tteru (Fig.!V :21-33). NB. Diagrams lor Janu~ry and AlLgust arc not 
included in this re]Xlrtjust to save the spa,e. 

Th~ first suh-region has a negative trend and starts from the coast up to ~ ,erta;n 
distanc~ of1;,hore according to the latitudc. Thi, coastal sub-region was charactcri>:ed hy 
positive anomalies" ith chlorophyll (Fig. IV:6-18). 

f'jr..1 "'h-regi"n. (I) ,I.rt, [rum Ih. c,,",l "ilh a n<~",i .. trond ,,-ilh SST ".d • J>O,iti.-. IT<nd for 
<hloroph,-Ii-. _ 
l-Olilud< _\ldoo,al_SST ,diml - 5.91 Soa\\IFS ,dim 1 - 4.56 

.lanuar 'hl"l'h Jul~ Aug",1 Jowuary Morch .I uly Au~ •• 1 

.b-ri,,1 rhol Pi,oJ Pi .. 1 Pi,,1 Pi,,1 Ph.1 Pi ,,1 
~oS 1_2(, , ~. 1_14 1_26 1_2(, 1_20 

-~:~ 
1_10 

60 S 4-2q 2-31 '~N 6-3Z 1-31 1_10 1·10 1-0 
7°~ 1-~2 1-18 1-21 1-23 1-32 ,~. 1-15 1-25 
!F'S 1_21 1_11 1_10 1_21 1_26 ,~, , 1_15 1_31 ., 1_2~ 1·22 1_15 1_25 1_17 1_11 1·1 R 1_2R 
10'S 1_21 1_20 1_11, 1_20 I-I ~ 1-22 1_19 1_28 
ll·~ 1-10 + _ 1-17 I- 1-12 1-10 1-14 1-~3 I-I; _ _ 1-25 
11"~- 1_10 ,~ ,~, 1_15 ,~~ 

, 
,~, , I_IS t _10 

-- -- . ~ 

13·~ ,~. 1-14 • " 1-10 1-22 , 1-24 1-17 
14"S 1_~ " " " 1_10 1_15 1_16 , ~. 
IS'S " " " " 1_14 1-6 1·22 1_22 

~ 

J(,·S " " • • ,. 
T 

\-10 ,~~ \_15 _ 
17°S ,~. ,~. 2_30 " 1_31 1_2S 1-44 1-25 

Tlible-4.1. First ~llb-region 
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The correlations were more or less uniform in January and July with SST while in March and 
August there were some uniformities from north to south. Like the SST, chlorophyll was 
uniform in January and July (Fig. IV 21-33) with only two distinct sub-regions while in 
March (Fig.V 6-18) and August there were four sub-regions. The boundaries of each sub­
region were summarized in table-l (first sub-region), table-2 (second sub-region) and in 
table-3 (third sub-region). 
The study made with both parameters allowed defining three distinct sub-regions in the 
offshore direction. The coastal sub-region starts from 5.30 down to 15°S, where it dies out 
and shows up again in south between 16.30 and 17°S. Between 15°S and 16°S, this coastal 
sub-region is replaced by the second sub-region (offshore). It is wider in the north (with 26 
pixels = 138 km) and narrow (with 3 pixels = 30 km) in the south. It features SST negative 
anomalies which are presumed to be cold water (low temperature) and with positive 
chlorophyll anomalies which are believed to have high concentration. 
The Angolan continental shelf (Fig II-I) presents the same pattern: wide in the north and 
narrow in south. The shelf is almost absent between 15-16.300 S. The longshore study showed 
high concentration of chlorophyll in the north and along the north of Luanda. ' 

Second sub-regions (II) starts from offshore with a positive trend with SST and a negative trend for 
chlorophyll-a 
Latitude Meteosat-SST xdiml = 5.91) SeaWlFS (xdim 1 =: 4.56 

January March July August January March July August 
Pixel Pixel Pixel Pixel Pixel Pixel Pixel Pixel 

50 S 27-51 9-13 25-51 27-51 27-39 21-38 26-65 11-40 
60 S 30-51 32-51 30-51 33-51 32-65 11-36 21-65 14-44 
70 S 33-51 19-51 22-51 24-51 33-65 7-26 16-65 26-65 
80 S 22-51 22-48 21-51 22-51 27-65 6-25 16-65 32-65 
90 S 26-51 23-51 16-51 26-51 18-65 12-20 16-65 29-65 
to°S 22-51 21-51 17-51 21-51 16-65 23-65 19-65 29-65 
11°S 11-51 18-51 13-36 11-15 15-65 34-38 20-65 26-65 
nos 11-40 9-25 3-37 3-32 16-65 44-65 19-65 21-65 
13°S 7-43 15-28 1-27 1-28 11-65 23-65 25-65 18-65 
14°S 4-22 1-23 1-21 1-22 11-65 16-65 17-65 7-30 
15°S 1-22 1-26 1-17 1-23 15-49 7-26 23-65 23-51 
16°S 1-17 1-17 1-19 1-20 7-39 11-65 41-65 16-31 
17°S 9-15 9-16 31-51 1-13 32-65 29-65 45-65 26-61 

Table-4.2: Second sub-region 

The second sub-region (offshore) is at the coast between 15°S and 16°S and moves 
offshore in other latitudes. From 5.300 S to 100 S, its extension is more or less 170 km, 
narrowing from 100 S to 17°S with a sharp curve between 15°S and 16°S. This second sub­
region is characterized by warm water and low chlorophyll concentration. 

The third sub-region (far offshore) is absent in the north (5-8°S) then it narrows from 
8-13°S and widens from 13-16°S where it reaches the maximum width (34 pixels = 200 km). 
This region has the same feature than the coastal, except that the concentration in chlorophyll 
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is low in all seasons and the temperature is high in the north and low in south. Besides, in 
summer, the temperature increases with the offshore distance while in winter it decreases. 
To conclude, three sub-regions were defined along the coast and another three offshore. Both 
approaches did not allow defining with certainty the Angola waters; instead the results were 
used as a guide in the cluster analysis. 

Third sub-regions (Ill) starts from offshore with Ii negative trend with SST and a positive trend for 
chlorophyll-a 
Latitude Meteosat-SST xdim 1 = 5.91) SeaWIFS (xdim 1 = 4.56 

January March July August January March July 

Pixel Pixel Pixel Pixel Pixel Pixel Pixel 

50S 0 13-51 0 0 0 39-65 0 
60S 0 0 0 0 0 37-65 0 
70S 0 0 0 0 0 27-65 0 
SOS 0 49-51 0 0 0 26-65 0 
90S 0 0 0 0 0 21-65 0 
100S 0 0 0 0 0 0 0 
l1°S 0 0 37-51 16-51 0 39-65 0 
12°S 41-51 26-51 38-51 33-51 0 0 0 
13°S 44-51 29-51 28-51 29-51 0 0 0 
14°S 23-51 24-51 22-51 23-51 0 0 0 
15°S 23-51 27-51 18-51 24-51 50-65 27-65 0 
16°S IS-51 IS-51 20-51 21-51 40-65 0 0 
17°S 16-51 17-51 0 14-51 0 0 0 

Table-4.3. Third sub-region 

4.4 Diagrams relative to the variation of SST and chlorophyU-a in 
offshore direction 
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4.4.1 Variation of SST and chlorophyU .. a in offshore direction (March) 
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Fig.IV-4 Original SST (left) and chlorophyll-a (right) in offshore direction (March) 
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Fi~.rV _26 Off,hoT< SST (l. ft) and <hlOTopbyll_, (Ti~bt) anomali .. at 10'S 
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Fig.IV _2R Off.b",.., SST (Idt) and <blnrop/J}'lI·a (ri~ht) onomalk< 0' 12°S 
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Fi,.lV-32 OffihoR SST (l.ft) ud <hlo.oph)'II-. (ci,ht) anomali .. at 16'S 

OI', .. "", ••• r AN ..... ',.. AT 11. 

F12.IV -JJ 011. bOT. SST (lert) and <hloropbyll_a (Ji2blj aJlomali .. al 1 ros 

4.5 Variability of SST and Chlorophyll-a in sub-regions. 
(Cluster Procedure)_ 

4.5.1 Results obtained "ilh :\lcteosaj_SST monthly composite images 

Monthly SST composit~ images (1987-2002) wer~ used to compute the mean-SST 
according to pixels of eacb sub-region. The size of the cluster images was COIlVcrtOO trum 
825 x 825 into 650 x 650. Th~ mean-SST in all sub-regions was computed by using the 
principle of dala extraction in swath i.e. knowing the northern and southern latitudes and the 
offshore distance. Fig.!V 36 shows monthly variations of SST from 1987 to 2002. 

The pattern of SST is bimodal and identical in th~ ~ntiTe Angola, with hlgh 
t"'"P"ratures in Summer (January-April) ",ith a peak in March (28°C) and low temperatures 
in winter (May-August) with a trough in August (19°C). Spring (September-December) is a 
transitional period hetw~~n summ~T and wint~r, during which the temperature is modeTat~ 
(21-M.5°C). Winter is one month longer in offshore sub-region than in others. 

In FigJV-38, Ih~ monthly temperature in the northern sUb-region was 2°C higher lhan 
in two other sub-regions for all year. The coastal and offshore sub-regions have almost the 
same temperature except from August to l)e(;ember wh~re t:.T::ol°C. 
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The SST anomalies observed in figs. IV 37 & figs. 38-40 show wann years with 
positive anomalies in one hand between 1987 and 1989 (+2°C) during twelve months, in 
1995 (+1.5°C) from January to May and between 1998 and 2000 (+2°C) for twelve months. 
There are also some indications of wann years in fig.V 34, showing wann cells in 1988, in 
1995 and from 1998 to 2000. But in the other hand, negative anomalies were also observed in 
the same diagram showing cool cells in 1992 (-1°C) for all year, 1996 (Nov-Dec), 1997 (-
1.5°C) just from January to March and at last from 2001 to 2002. 

A cycle of three years' wanning was observed in 1987-1999 and another one in 1998-
2000, both with an anomaly reaching (+2.5°C). Between the two periods, short periods of 
wanning were observed in 1991 and in 1995-1996 with an anomaly of low magnitude 
(+1.5°C). Meanwhile the cool periods observed in Angolan waters were very short just in 
1992 (one year) and in 1997 (one year) but both with high magnitude (-2°C), then in 2001-
2002 (2 years) with the same magnitude than the previous. Wann and cool years were also 
observed in offshore regions, but with a very low magnitude. The changes observed at the 
coast are not as intense as in offshore (180 km offshore). 

The well documented Benguela Nino (Gammelsred et ai., 1998) stroke the Angola 
Coast in 1994/1995. The intrusion ofwann water in the north, takes at least a month or two 
to reach the central part of Angola. The SST anomalies (Fig.IV 37-40) show wanning 
starting in September 94 in the north and proceeding until April 1995, afterwards the 
situation returned to nonnal. Meanwhile in the coastal and offshore sub-regions, the same 
wanning (due to EI Nino) was observed one month later in October 94 proceeding in 1995 
(all year) and 1996. The periods 1987-1989 and 1999-2000 with higher wanning magnitude 
than in 1995, should be considered as EI Nino years although not well documented and 1992 
and 1997 as la Nina. 

4.5.2 Results obtained with Sea WiFS Chlorophyll composite images. 

As with Meteosat-SST images, the Sea WiFS Chlorophyll monthly composite images 
were used to compute the monthly mean-chlorophyll from 1998 to 2003. The occurrence of 
high or low concentration of chlorophyll does not depend on the seasons as the SST. In fig 
V-35, showing the distribution of chlorophyll in the three sub-regions, one can observe a 
three months' cycle of high and low Chlorophyll. High chlorophyll is observed in January to 
March (summer) followed by a low concentration in April-July (autumn/winter). Another 
high is observed in August-October (winter/spring) followed by a low in November­
December (spring). 

Higher concentration in chloroph~n (Fig. IV 41-44) is observed in the Northern with 
two maxima, one in March (7.09 mg m- ) and another in August (7.401 mg m-3

) while the 
minima are found in June (4.034 mg m-3

) and November (2.80 mg m-3
). 

In the Coastal sub-region, the chlorophyll is lower relatively to the northern. The maxima in 
chlorophyll are observed in February (2 mg m-3

) instead of March and in September (3.3 mg 
m-3

) instead of August. The minima are observed in April (0.85 mg m-3
) and in November 

(1.15 mg m-3
). 

The lowest concentration in chloro~hyn is observed in the offshore sub-region with 
two maxima; one in February (1.37 mg m- ) and the other in September (1.48 mg m-3

). The 
minima were observed in April (0.55mg m-3

) and in December (0.608 mg m-3
). 
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rhe overall analysis made on the Chlorophyll anomalies (.Fig.lV 35 & Figs.!V 41-44) sho"s 
no unifomlil y in difTerent suh-regions nfT Angola. 
[n lhe northern sub-region, po~i[lve lIends were observed m summer of 1999, 2000 and 2002 
and in all year in 1')')<) and 20(JJ. But in coastal sub-region, l')<)~, ZOOO and 2003 shows a 
negaliv~ anomaly for all year. The negalive tr~nd wa< observed mo,t[y in wmter (I'!'!X, 1000 
and 2002) and occurred exceptionally in summer (2004). 

From 1 'J'}g to 201l1. negati'-e treoo' of chlorophyll were ob'ervw in the Coastal sub· 
r~b~on indep"ndenlly of lhe SCa,,)fls. The", negative lren<h corresponded with the po,itive 
trends with SS'I in the same sub-region. But io. 200110 2004, posilive lrend was observed in 
all year but with exceptional <>CCllrrence' of negative trends. rhe SS'f anomalies werc 
neg alive in 2001 \0 21)(12, 

[n nlhhore sub-region, negative and l'o~itivc trends wc[, altemating from one yeat to 
anolh~r between 1998 and 1001 while the SST rcmained po,illVe during [his p"rind "ftime. 
']he trend with chlorophyll remaiJH.'{[ posith-e but the SST, were -nega[1>'c belween 2002 and 
2004. 
In (he las! Iwo sub regio-ns (coaslal and oITshore), 1,,1'0' temperatures (ncgatiw anomali~s) 
were always accompaJ\I~d with high (p"~itive aHoma lies) co-nccnlIallO-n ()r eh 10loph yll ucept 
in the north whel'~ thi~ rule could llOt be applied, 

4.5.3 Diagrams relative to results ohtained with Cluster Procedure, 
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Fi~.IV-36 \[omlll}' variation of the ,n •• o-SST (lolt) aod til< ,n •• 'HonT'lIITation of Cblorophyll 
(d~ht) in tho north<rn. Coa,I"1 and "fr,h"r< .uh-r<gi"n. "fr Angola. 
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Fig-lV_}7 "on(hly SST o"omoU .. I" It.. n"'-I~.rn (l.1't), ",.,tal (middl. ) and off'bore (rigbt) 
,u!>-r<gi,,", "II ,\ngolo.. 

Fig.lV _JS SST am,m"li .. iw Ii>< n"rtbm ,u!>-r<glon off Ang ..... 

Fig.IV -.19 SST .".,malie • • r III tk< roo'lol , .. b-rogion 011 Angola. 
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4.6 Position of the thermal A.ngola-Benguela Front 

The Angola-Benguela from i, an important oceano!,'raphic thcrm~l fcdlLlTe ~nd it is 
considered as a convergence lOOC belween the Angola and the BCllguela currents. 'j'his front 
fluctuates hetween 15"S and I WS. 
In order to ddine its monthly IX"itions and its liller-annual vaflabihly, monthly Mcl{)("at­
SST composite. (Jn7-2002) were used. The mean-S::iTs wen' eompuled between 10-S and 
l~oS, at each scan-line (.;i!2 pixels/Jat) using (1)km ( ... 1 pixd.) as th~ off.hore distance 
More details are pwyid<xl in chapler m. 

The average position of ALII" (Angola-Bengueb front) ,hows that it fluctuates 
belween 16°g ami 17"S (Fig.IV 45)_ It is obvious that in ""mnler of the ",uthem hemlSphere 
(January-April). the ABF is in its nlO,t .oothem position shifting from )(;.61)"S to J(;_~6"S 
with a peak in March while in Winter (May-September), it is in its most norlhern po'ition 
(J6,45-16.72"S) wilh a trough m Aug'-"'l and October_ On lhe a,emge, lhe range of the ,hin 
i. ju,t 0.41 'So 

The large,t flucluation" of the fnmt are observed in winter (July, Augu,t and 
September) where Ihe slandard lkviations (Fig.!V 46) vary Ii:om 0.6 10 0.8 except for May 
and JUlie (0.5 for both) while in sumnler (December, hnuary, Febro~ry ~nd March), the 
l1uctualion" are small with a standard devialion varying from 0_3 to 0_6 except for April 
(0.6). Throughout the year< (In7-2002) of ,tudy, the lemperature al the ABF (Fig.lV 47) 
complies with the tropical pattern,: high t~mperatllTes in summel (January-April) ranging 
between 20_24"(" with a maximum in March and low temperatlll'es in Winter (M~y. June, 
July, August and September) ranging between 15_1')"(" with a minimum in Augu,t. This 
oh"ervation wa, nolju,1 on lhe average hut al", on yearly ba"is. 

Following .trictly the principle, established (se~ methodology), it was ohservoo each 
year a slight shill of ABF Clther soulhwards or norlhward" bul Just between 15°S and 18°8 
Hetween )')~7 anri2002 (Fig.lV 54 & l'1g.IV 57), the Alii" W,l' in its southernmost positions 
(17-1~'S ) in 1')1;7-19::;9 (May-August), in 1')\)5-1996 (l'ehlllary-April), m 19<)6-1997 
(Augu,t-Decemher), in 1 99<) and 200 1 (February- Apli!) hut the norlhernn"'"t po"Ii<>n, were 
ob,crvcd in 1990-1991 (August-S""tembcr), III 1993-1994 fJuly-Oclohcr) and in 2000-2002 
(July-Nm·embcr). 

It looks lik~ a cycle of every 4 ye~" although within ~ year th~re are ,hift" III 
diffL'l"ent directions. Bul one looh at lhe anomaly, laking the ABF avcr:tge at 16'S lhe 
southward shilt has its maximum at 18.30"8 and the lklrlhward shift Iws its minimum ~I 
14.:WoS. AIlF _hould he in summer of each year ahove 1(,"8 (south) alll\ be unrl~r (nOlth) III 
winter. But [)ther faCl[)l'S (i_e_ El Xiii[), \\-cather) c~n affecl lhe sea and break lhe rules_ 

The temperature anomalies (Fig.1V 55) at the ABF .how negative ~nomalies (low 
temperatures) when the AB!' in it. most s.outhem positions (19::;7-1 n9) and in 1<)97-199R) 
but they .how positive allOmalies (high temperalure) when llie ABF is in ii, Ill<"[ northern 
IX"itio"s (1990-1991, 1994 and in 2000-2(01). ThIs rule was not observed in I 'N2, 1')')5 and 
1')')6. In 1')')2 which was considereri a, a cool year, tile ABF was in it. most lklrthem 
position (14.30"S) but the temperalure has a low alklmaly (-1.5"C). In 1995 and in 1996 
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which were considered as an EI Nino years, the ABF reached its most southern position 
(17°S) but the temperature in both years had a positive anomaly of about (1°C). 

4.7 The Angola-Benguela biological Front obtained from SeaWIFS 
Chlorophyll-a data. 

It is obvious that the ABF as a thermal oceanographic feature, can be detected only 
and simply with SST (temperature). Besides the temperature, Shannon et at, (1987) and 
Meeuwis & Lutjeharms (1990) could identify the front with salinity data up 200 kri:t offshore 
and down to 50 m depth. The assessment of the concentration of Chlorophyll at the ABF has 
been done by various scientists (John et aI., 2004; Mitchell-Innes, 2001), but this biological 
parameter has never been used to detect the position of the ABF (Mitchell-Innes, 2001 ?). 

This particular research attempts to use chlorophyll to detect the position of ABF 
according to the principles established in chapter III (Data and Methods). 
Monthly SeaWiFS chlorophyll composites (1998-2004) were used to compute the mean­
chlorophyll between 1O-18°S, at each scan-line (25 pixelsllatitude). The offshore distance 
was 60km (13 pixels). The methodology is based on the identification of the highest 
chlorophyll gradient, which is the position of ABF (chlorophyll-a). 

Using the first approach (see methodology) throughout the seven years, it wa~ 
possible to identify two fronts (Fig.III l1a-16a), one with a low magnitude at 15-16°S and 
the second with a high magnitude at 17 -18°S. In terms of percentage the first chlorophyll 
gradient represents less than 50% of the second. Automatically the second peaks are rejected 
which in fact will not give reliable results. For this reason, a second approach was adopted 
which only and simply consider the closest peak. 
It is believed that the first front observed at 16°S of weak intensity was connected to the 
thermal Angola-Benguela front while the second observed at 17-18°S was connected to the 
upwelling front of Cape Frio (Shannon, 1987). 

The results (Fig. IV 50) show a gradual and steady shift southwards from January 
reaching its southernmost position in July (16.2-16.9°S). From August to December, there is 
change of direction; the front starts to move northwards (16.8°S) back to its initial position in 
December (16.1°S). The shift is very slow from one month to another (0.200 S month,1 in 
maximum). The concentration of chlorophyll (Fig.IV 52) is the lowest in March (1.4 mg m,3) 
which is the warmest month of the year and in this month that the ABF (SST) reaches its 
most southern position (Fig.IV 49). But the Chlorophyll reaches its maximum (5.1 mg m,3) in 
October. 

As believed previously, the ABF (SST) and ABF (chlorophyll) do not have the same 
pattern (Fig.IV 49), but it is observed that when the ABF (SST) moves southwards, the ABF 
(Chlorophyll-a) moves northwards. From January to June, the ABF (SST) is in southern 
position (16.61-16.7°S) while the ABF (chlorophyll-a) is in northern positions (16.2-16.6°S). 
From July to October, the ABF (chlorophyll) is in southern positions (16.9-16.6°S) while the 
ABF (SST) moves northward (16.6-16.44°S). Fig.IV 59 shows two maps: one showing the 
ABF (SST) from 1987-2002 and the other, the ABF (chlorophyll-a) from 1998-2003. Both 
present the same range of fluctuations: 15-18°S with the mid-position at 16°S. 

The position of the ABF is not the same at a given time from both parameters; in 
most cases when the ABF (SST) is in its southernmost position, the ABF (chlorophyll-a) is in 
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its northernmost position except in 2000-2001, where both moved in the same direction. 
Time-series of chlorophyll was very short (7 years) in order to draw scientific conclusions. 

The same figure (Fig.IV-59) shows the northernmost positions of ABF (chlorophyH­
a) in 1999-2000 (February-May, October-December) while the southernmost positions 
occurred in 2001 (July), in 2002 (July-December) and in 2003 (January-December). 
The largest fluctuations (Fig.IV 52) of the ABF (chlorophyll) were observed from August to 
December (standard deviation: 1.178-1.4018) while the smallest were observed from January 
to May (standard deviation=0.94-1.17). 

4.8 Diagrams relative to positions of the ABF 

4.8.1 Thermal (SST) and biological (Chlorophyll) ABF 

AVERAaE. poarrlON OF ABF(8ST) (1 •• 7'_2002) 

I-"-ABF(87 _02)1 

.JUN ,JUL 

MONTH. 

Fig.IV-45 Average position of ABF (SST) (1987-2002) 

MONTHL.Y STANDAR.D DEVIATION 

Fig.IV -46 Monthly Standard deviation of ABF (1987-2002) 
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I 

Monthly Variation of the TelTlperature at the ABF (1 •• 1'-2002) 

Fig.IV-47 Temperature at ABF (1987-2002) 

Monthly Sblndlard Deviation 

,rao ... 

MONTHS 

I---ABF (87-02) I 

I-+--ST.OEV POS I 
- .. - ST.DEV -TEMP 

..0.. .. 

Fig.IV -48 Monthly standard deviation of the ABF and Temperature at the ABF (1987-2002) 
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Fig.IV-49 Biological ABF (Comparison between the two approaches) 
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Fig.lV -52 Concentration of Chlorophyll at ABF (1998-2003) 
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Fi~.lV_5~ Cm"pOrf,aD l.<I"ttn AIlJi (SST) and AHF (Chl"mph) II) 

I 

! 
Fi~JV -54 SST ano",.lir, .t A BI' (1987-2002) 

FigJ" -55 T •• ,[><"otur< An"",.li .. • , All" (1987-2002) 
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Fig.IV _56 Chl"'·.ph~lI .nom.li", at ASF (199S_20l1.l) 

ri~.lV -57 Cbl.'·.ph~lI .nd SST ano ... li .. at ASP (199S.100.l) 

77 



Univ
ers

ity
 of

 C
ap

e T
ow

n
~ig.1 V _S~ Pu,iliu'I> of All" ublai~<d frnm SST (Idt) ~nd obt.in.d from <hlnrophyll (rlghl) 

4.9 Coastal Upwelling off Angola 

(oa,tal upwelling as explained edrlier is an (>ceanographic process. which consists in 
a "erlical motion of cold waler, rich in llUtrients to the surface layer. Thi, upwelling happens 
only when the dri;ing force. the windslress is strong enough 10 mO,'e of1,hore the surface 
and coastal warm water. The wind blows parallel to the coast and because of Coriolis forcc: 
the Ekman transport is perpendicular to the coa't. 

This particular research d(>es nol aim to make a deep 'Iudy of coa,lal upwelling. 
Instead, it is limited to locate upwelling cells off Angola regardless of windstrcss. coastal 
topography or other factors which can affect its magnitude, extension and frequency of 
occurrence. 

Hardman-.\-lountford et al.,(2003) used a simple method, which computes the 
up\~elling index as an SST-gradient bet>veen the onshore-SST and the offshore-SST. 
Negative SST-gradient indicate, an "'ccurrence ()/" upwelling (cold water at the c(last) and 
positive SST-gradient is warm water (no upwelling). 

Three main upwelling cells were identified (l:ig.1V 59 & l:ig.IV (1): Cabinda (5-
5.300 S), Ambri;t (7-8°S) and Cunene (16.5_17.5°S). The cell names are connected to Ihe 
latimdes where the cells are located. Lutj erhanns & .\-ieuiwis (1 <:IS7) have identified the same 
cells (same latitude) (lff Angola and accidentally 1I.,ed the ,ame names (Carnnda, Luanda and 
Cunene). The cell situated at 7"S, is oiT AmbriL while Luanda is situated at 90 S. This study 
will use "Amhriz" instead of "Luanda" as termed hy Lllljerharms & .\-ieeuwis (1<)87), 
alth()Ugh unknown in the w()I"ld. 

Th.c only "'ind-induced upwelling cdl off Angola is that ofCullCne (Shannon, 1985, 
Boyd, 1<:IS7; Luyerharms & Meeuwis, 1<JS7; llardman-Mountford et aI., 2003; Risien et aI., 
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2004), Cabinda and Ambriz cells are believed to be driven by Equatorial Kelvin waves 
(Berrit, 1976; Picaut, 1983; Ajao & Houghton, 1998; Hardman-Mounford et aI., 2003). 
Cabinda cell has a maximum (highest upwelling index) in July (-1.2°C) and a minimum in 
February-March (+0.2°C) and in October (+O.OI°C). Ambriz cell has also a maximum in July 
(-1.5°C) and a minimum in October (-0. 1°C). The upwelling occurring in both cells seems to 
be permanent all year although the upwelling index is low. Cunene has a maximum in May (-
2°C) and a minimum in October (+0.5°C). Upwelling occurs in this cell only from January to 
July and from August to November, the coastal waters are warm (Fig. IV 60) 
The upwelling index anomalies (Fig.IV 62-64) made from 1987 to 2002 show periods of no 
upwelling (warm years) and cold periods (intense upwelling). This observation was made 
over the three upwelling cells: , 

Coastal warming (absence of upwelling) was observed in 1987-1989, in 1994-mid-95, 
mid-97-1998 and in 1999-2001 in Cabinda cell (Fig.IV 59 & Fig.IV 62). While intense 
upwelling were observed in 1991-1992 (February-April), in 1995 (February), in 1996 
(February-April) and in 1997 (February-April) corresponding to cool years. 

In Ambriz cell (Fig.IV-60, 63), the whole period is made by short fluctuations of 
upwelling indices (-0.5°C; +0.5°C) from 1987 to 1989 followed by another period of very 
short fluctuations (-0.2°C; +0.2°C). But the highest warming started in 1994 up to May 1995. 

This high warming was followed by an intense upwelling the same year between June 
and December. Only in 2000 when another upwelling of high magnitude occurred in this cell 
just for two months (February-April) followed by a relaxing period. 

In Cunene cell (Fig.IV 60 & Fig.IV 64), the only wind driven upwelling of Angola; 
intense upwelling were observed in mid-89 (January-February), in 1990 and 1992 (January­
June), in 1993 (all year), in 1994 (January-April) and at last in mid-2001-2002. 
Periods relative to coastal warming were observed in 1991 (Feb-Oct), in 1992 (July-Dec), in 
1994 (May-Dec) and in 1995 (January-October). A long warming period was also observed 
from 1997 until mid-200t, followed by another long cool period (20Ot-2003). 
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4.10 UWELLI:'IIG IN I)IO:S, 

"11.J~ .~, ~1 .a" ""'~1~1)' up ... III"1.: Indl ... ulT A.""a in (loft) •• d I p ... I~n~ i.do, .... mali .. 
(1 '87. 2001) n( lh. Cablnda ~PMllinl ctll (.I,h!) 

, 
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' .. ... ... 

Fi~.lV·61 Mr.n mOnlhl~ up, .. lIin~ indi< .. 01 Labindo, Aml>riL and eu",,,. "p"dUJl~ •• 11 • 

.. . 

Fig.l\ _62 Up"dling i.dn anumali<. (1987_200 I) of tl>< Cobind. up".lIin~ «'II 

Fig.l\ _63 IJp".1Iing ~,d<x .""mali .. (I ~87_2fl(Jl) of lk. Ambril up"dlng «II 
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~1~.lV _64 IIp'' .l1in~ index anom.li •• (lQ87-2001) of tho Cun.n. np».lIing <ell. 

4.11 The Congo River Outflow. 

Congo River is the second largest ri,'Cr of the world after the Am~zon and it is the 
largest in the re~on with a maximum discharge of about 90,000 ml "I and a minimum of 
23,000 n'" S 1 (Peters, 1<)78), This outnow of fresh w~ter red LLees the normal sLLrlace "almity 
from 35 (norma! salinity') down to 27.6 at the mouth of the river (60 S) arnl30.3 at Ambriz 
(8 0 S). 'Ihis important river brings nutrients and .'edimcnt., to the ocean which afterwards 
enhance, hiological production in the vicinity' of the mouth. 

The aim wa.' to study the extension of the plume with SST and chlorophyll. Ciu,ter 
procedure was LL>Cd to dcline (he structure of the plume. UnJortunatcly it ",as not possihle to 
detect the plum~ either with SST or a combination of SST and chloroph)'ll (Fig.1lI 3c). The 
structure was defincd by lLsing only the chlorophyll images (Fig.111 3a, b). 

Thi, ,truclUre defined with chlorophyll has to be coniirmed by u,ing (TD salinity 
data, ObviolLsly in Angola water., the average ,alinity is 35 at the surface therefore all 
salinity less than 33 is associated (0 the outnow of fresh water from the river. 
Oce~nographic surveys (i'!<J8·2001) made dlLring th~ rainy summer (March) and the ones 
made during th~ dry winter (July-August) were ~nalyscd separately (Fig.rV 65-1i7). It wa.' 
found that the salinity in (he re~on ofth~ plume wa, deeply atrected during the r~iny season 
(low salinity) than in (he dry season (high salinity). This .,ituation is under.'tandable when 
one looks at the maximum discharge (r~in)' season) which is almost four times the minimum 
(dry season) (Peters, 1978). 

The salinity measured during the rainy Season ranges hetween 2<)·33 (rig. IV 65-66) 
and it w~.' po."ible to define the southern bound~ry of the plume (8.5'S) and the eastern 
boundary is limited to the extensi(m of th~ "'f'.'ey (Coast-II"E ,.165km offshore). I"his 
paJticular research projecl was limited to 370 \un (Fig.1ll 3) however the plume extends 
rn.yond this offshore distance (Hennekom & Herger, 1984; lperen et aI., 1987; Peters, 1978). 
The measuremenls made during the dry' season (Fig.lV (7) show high salinity (34.8-35.25) in 
thi' paJ1icuiar region and the river outflow does not alTcd the salinily or alTec( slightly (tl 
salinit>=0.45). 
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Sinc~ th~ obj~ctive of the r~search was to us~ only and simply ,a!Cilite derived 
images, it was necessary to jjnJ Ollt how chlorophyll is associated to salinity in the plume 
(t iig.!V 68). ell) data are limited to oceanographic stations: therefore few pixds of 
chlomphyll c(}Uki bte used t(} match th~ salinity data, 

Fig.!V 70 show" more concentration of chlorophyll between 33,5 an<i 35 during 
summer and during winter (l:ig.!V 71), chlorophylls are associated to salinity btetween 35.7-
35.8, This study did not allow d~ciding whether chl(}wphylls were associated to low (}c high 
.alinity. Obviously, fig.!V 2 shows high concentration of chlorophyll all year in the Cong() 
Ri,er plume ~ither with high (}r low salinity. Two (}ther plots (FigJV (8) were mad~ in order 
to analyse the correlation existing between the concentration of chlorophyll-a with salinity 
and SST. The first one show. the salinity o'erlaying the chlorophyll in the region of the 
plrnne ddin~d hy the latitude and longitllde. It is ckar that the high chlorophyll (> 8 mg m·l) 
is associatC<l to low salinity (31-33), The secon<i One deah; WIth tm, three parameters in One 
plot. One can see that the higher concentration of chlomphyll-a (14-20 mg n(') is connec ted 
with h,w salinity (30-33) and low temperature (25-27°C) during the rainy season (March, 
1999), In the Same plot, th~ h,w chlorophyll (0-13 mg m'l) i< ass(}Ciated with high <alimty 
(33.5-35.5) an<i high temperature (27-28,5°C). These observations match up with Mann & 
1--a7ier (1996)' statement saying that the chlorophyll-a concentration decreases as the salinity 
incr~a,~" . Further detail, about this malter are provided in the di'ICussion. 

4.12 Diagrams referred to the Congo River Plume 
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4.13 BENGUELA NINOS 

" . . " 

Warm events occurring in the Pacific have their counterpart in the Benguela rcguln. 
OfT Angola, they feahlre higher temperature and lnw salimty rc\mi"eiy to IKlrrtlaL The 
lhermocline depth deepens and heavy rainfalls are recorded (Gammol<md ct ai, 199R). 
Shmmon e( al. (1986) ami B"yd Cl aL (1987) '""rorted the intnlsion of ..... arm ami saline wmer' 
from Angola into the )lamibian Coast m 1()84. Other wdl-d(>cumemed Benguela Ninos 
e,ecurrcu in 1934, 1949. and 1%3. The last wcll·Jocumenleu EI Nino occurred In 1994'95 
and (f"mmeisrou ct al.,(1998) ga\'~ a lhoroug,h description of the event 

Tlus particular research U(>cs no! aim to study the physIcs of "Ll Nino" but jus! (0 
dete\:t the "warm and cold periods" related to Benguela Nino< and Ninas_ Some of them are 
well documented, others not It is obvious that IKlt all wann or cold events are considered '" 
Ninos. 

A warm event along the Angola coast is not a Benguela Kino unless it substantially 
perturbs the ABF an<l impacts the ~amibian coast. 

According to the Climate Pre<lict;(>n Center (2006). a WalTn event is regarded as an EI 
Nino only jfthe temperature anomaly is positive and is greater than ()!" equal to I O.5"C. A 
cold event is I,a Nina jf the temperature alKlmaly is negative and i~ l8<s than ()f equal tll -
0.5°C. In bmh cases, tll be classified as a full-fledged "EI Nino'· or "La Nina" episode, these 
threshol<ls must be excee<led for a peri(x! of at least five consecutive months. 

This phenomenon atfects all oceanographic (temperature and salinity. Angola­
Benguela front, upwelling indices, Congo River plume). meteorological (atmospheric 
temperatures and rainfalls) an<l biological (phyloplankton, moplankllln and fish abundance) 
features. 

The SST anomalies (Fig.lV 37-40) obtained in each sub-I-egion off Angola allow 
detecting the wann and cold events from 1987 to 2002: 
Three warm events were recorded during this period: 

In 1987-1989 (January-December) with SST anomalies (. 0.5"C, . 1.2"C) 
In IW4 (Oct-Dec)-1995 (Jan-May) with SST anomalies (~o.rl'. +1.2"(') 
In 1998-2000 (Jan-Dec) with SST anomalies (~O.<)T, . 1.2'e) 

Only two cold events were reconle<l <luring this period. 
In 1996 (Sept-Dec )-1997 (Jan-May) with SST anomalies ( ·O.8"C,·I.4"C) 
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In 2(JOl(Aug-llee)-20m (Jan-Dec) with S .. 'H anomali~s (-O.-;°C,-l.4°C) 
Thes~ obs""-"alions ,ww made only III northern and coastal sub-regions Since waTTmng or 
cooling docs nol allecl the o±Tshore region siluated at about nil km away of the coast, 

\I,'arm period (1987-1989) 

TIllS warnllng was obsL"-"ed in the north\lTIl and coastal sub-region of Angola. TIle 
temperature anomalies al lhe surface layer ranges betv.'een +0.5"(' to t.2"e and last three 
years without inte[l"Uption. 
During lhlS p<:riod, lhe Angola B~nb'1Jc1a fronl (Fig.lV 54) waS further somh (n_lses) arId 
no upwelling WrlS observed in.illY of three Angolan upwelling cdls 

Warm period {1994-199S I 
As the prcvious El t\ riio, this warming was observed rn northern and coaslal sub­

region . Off Angola it started earlier in October 1994 and ~nded in May 1995 lllast~d almost 
nin~ (9 months), Betw""n Jun~-Den~nbcr'95, this warming died out and appeared again in 
lhe firSl quarter of 1996. Benguela )lmo' 95 is discussed fully in GammeJsrud et ai, {I ()<)S). 

In order to see the etlect of El Niflo which OCCUlTed in 19'14/1995, mean-SST were 
computed at each scan]ir",s from 60 S to 1 goS with an offshore dislance of about 6Okm. SST 
c lLnes (94/95) WL'fC plolled ±," comparison. 
Higher tC'mp"mtures (Fig.V 73-78) were observed in January-April/95 of a!>oul ilT-2°C 
lhan in 1994, then from May-August. this 8 J was reduced to zero and al lasl from S~plembcr 
to Decernber. /1'1 <0 ,,'hich means lhe EI Nifio took p1ac~ jlLSt III 95 in Angola waters and 
lasted j uSl four months (Jan lmy to April 95), 

The ABF (SST) anomalies (hg.lV 54 & 1"ig,lV 5~) show clearly a north\lTIlmOSl 
posilion al 14.30_15".'; in AlLglLst-D~cembcr'94, In early 1995, the ABJ' reached 17_5".'; in 
ApriL Comparison made between ABI'-94i95, shows that in ),jarch and April 1995 (Fig.1V 
72 & l'ig.1V 74), the Alj[-' reached ils "outhemmosl position at 17,14°S and 17.73"S 
respectively while al lhe >ame pt'riod of lime, the ABF was at 16,JJOS and 11i.17".'; 
respt'ctively in 1994, 

Gammdsmd ct aI., (1997) cOlLld not id~n1ify the El )liiio al 5m depth in Central 
Angolan water> but found a large ilT=8°C in the Same aI"Ca at JOm depth (SI -T95-T94)_ 
The Teal dIcct of EI )liiio was observed in tile south of Angola (Fig.IV-37), where the 
warming started in November 94, continued 10 increase up to April 95, and ceased from :\1ay 
95 which was' reported earlier. 

Salinity at 5 m depth dropp~d down from 35 in 1994 to 31 in the region of the Congo 
River plume (FigJV-80). Low salinity (32.2) WaS observed in Luanda due to heavy rainfalls 
while m Namibia, waters were highly saline. 
No upwelling was observed during thi, warming p"riod, inslead coaslal walers were highly 
warm, The upwelling index anomalies in the three lLpwelling cells (Fig,N:62-64) showed the 
highest posilive magnilude in th~ whole lime-series (1987-2002), 
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Warm period (1998-2000) 

This warming was steady in coastal and offshore sub-region of Angola, but with fluctuations 
in the north. The temperature anomalies at the surface layer ranges between +0.5°C to 1.2°C 
and lasts three years without interruption. 
During this period, the concentration of chlorophyll (Figs.N 42-44) was very low (anomaly 
=-0.2, -1) and the Angola-Benguela front (Fig.N 54) was further south (17-17.5°S) in 1998-
1999 but shifted northward in 2000 reaching 15°S. No upwelling was observed in any of the 
Angolan cells and the salinity went down to 30psu at the Congo River mouth in March 1999 
and in March 2000 (Fig.IV - 66). 

Cold period (1996-1997) 

This cooling started in September 1996 and ended in May 1997 without interruption. The 
cold event is clear in the north and at the coast, but not in offshore. The temperature 
anomalies at the surface layer range between (-0.8°C, -1.4°C) and last nine (9) months 
without interruption. 
During this period, the Angola-Benguela front (Fig.IV 55) was fluctuating between 16 and 
17.5°S. It moved northwards (15.5°S) just for a short period (January-February 1997) and a 
strong upwelling (Fig.N 59) was observed in the entire coast from May-Dec 95. In 1996 and 
1997, a slight upwelling was observed in the three cells. 

Cold period (2001-2002) 

This cooling started in August 2001 and ended in December 2002 with SST anomalies 
ranging between -0.7°C and -1.4°C. The cold period lasted 16 months without interruption. 
During this period the Angola-Benguela front (Fig.V 54) was fluctuating between 14.300 S 
and 16°S. The chlorophyll was high (anomaly=l.4 mg m·3) in coastal and offshore sub­
regions. Strong upwelling (-2°C) was observed at Cunene (Fig.N 64) but nothing similar 
was found in Cabinda and Ambriz cells (Fig.N:62-63). 
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4.14 Diagrams relative to Benguela Niiios 
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Fig.IV -73 Variation of tbe Mean SST (94/95) in January and February 

VARlATlON OF SST (MAIICH~5) VARIATION OF SST IAPRJWII5) 

'" 11 

'" 
'" .. 

5a 
22 

21 

'" 
" ,. .. • ... -10 ~1t ·13 .'14 ·15 ·17 .,& .. -7 .. -9 .1t -12 ·13 -15 -16 -17 ·13 

LATm.IllO LATlTUIlI! 

Fig.IV -74 Variation of tbe Mean SST (94/95) in March and April 
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Fig.IV-75 Variation ofthe Mean SST (94/95) in May and June 
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Fig.IV-76 Variation ofthe Mean SST (94/95) in July and August 
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Fig.IV -77 Variation of the Mean SST (94/95) in September and October 
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Fig.IV-78 Vllriation of the Mean SST (94/95) in November and December 
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CHAPTER V OISCl:SSION 

5.1 SlTR-RF.:GTO.'lS OFF A.""GOLA 

The main pU'1'ose of this sludy was to describe scasonal and intcr-annudl variallOn of 
the marine emironmmt 0[1' Angola. In order to do so, it wa' n«essary to partition the area in 
homog~nwu, sub-regions. Only two pammdns wcr~ used (SST and Chlorophyll-a), while 
some mls,ing parameters ('alinity, oxygen mill nutrients) could have an impact in 
partitioning the arca. 
So far, Angola uses Iwo di,isions (l\erril, 195~. Berril & [lias, 1977): 

The first one is based on the ECOSystLTIlS amlllwwfore il ean be divided into two sub­
regions: IlOlthem sub-region is between the Congo R,vLT and the ABF while the '<Outhem 
sub-rc!(lon is l;><;tween the Alii' and the Cunene River. llle partition was made taking into 
account the main ClLrrcnt affcc1ing the wglon rhe nonhern sub-region is a[Teded by th~ 
south equatorial curl""nts and the Angola ClLrrents ..... hik th" southern is influenced by the 
Bmguda curren!. As stated in the imrOOllction, the two ,lIb-regions differ in t~mp"ratur~. 
salinity. oxygen content, rainfalls: phytoplankton. zooplankton and fish species. 

The second OIle is also baStXl On the ccosy,1ems with three suh-regiOllS except that the 
northem suh-region was divided into two diff~Tmt sub-awas: the northern (Congo River to 
Luanda) mfllLcnced by th~ Congo River and the equatorial CUrl'\.-'1lls and the cenlr~ (Luanda­
Bellgucla) inlluenced only by the "'lualonal and the Angol~ currents. The l\'anscn Program 
("mw~gian hranch of the Institute of .'l.1arinc Rescarch) uses this s«ond ,ub-division: 
northern (5.02 - 9"S), cuntr~ (9 -15 "S) and the solilhem sllb-region (15 - 17.J3°S). 

Both pJltitioning approaches are good. bul in non~ of them ther~ is an indication 01 
the offshore exknsion. It is hdieved that these approaches were made at the coastline and the 
continental shelf. Most or oceanographlc nosearch cl1.lises are made between the coast and 
lI"E, which is almost 120·180 miles a ..... ay in maximum. This "idth (J~O miles) is the 
maximum width of the Angolan shelf. 

The r~sull, obtained in this l"I'search project are far better than the pr~violLs One, 
based on empirical methods. The approal'll took into account two parameters (chlorophyll 
and SST) with an offsllOre distance of about 370 km (200 miles). B~sides, the clusler 
procedure (Bryan et a!., 2001; Sneath & Sokal, 1973), which is a multivariate statistical 
method, was guided by the w,ult, obs~'TVed in the longshore and offshore directions. 
111e lack of some environmental paramd~'l"s (salinity, oxygen and nutrients) makes it less 
accurate. In onkr to find out limitations and inaccuracies of the approach, it is neces.ary to 
analyse common en~ironmmtal and hiological properties in each sub-region. 

5.1.1 "orthcrn ,ub_regi"n 

This sub-r~gion with it, new houndJl~S corresponds to the division made or us~d by 
the l\'anscn Program. The ar~a is innue!l<.'ed hy the outf1ow of the Congo River plume and the 
Equatorial Current and its branches (SEC, SEUe, and SECC). 

B~rrit, (1%4), .'l.1olinari (1982), Picaut (19R3), Wacogne & Pilon (1992), Gordon & 
Bosley (\990), Pelerson & Stramma (1991) just to cite a f~w, have desClihed the componellls 
of the FquatOlial currents: South equatorial current (SEC), the South ~quatorial I:nd~r-
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CHAPTER V DISCUSSION 

5.1 SUB-REGIONS OFF ANGOLA 

The main purpose of this study was to describe seasonal and inter-annual variation of 
the marine environment off Angola. In order to do so, it was necessary to partition the area in 
homogeneous sub-regions. Only two parameters were used (SST and Chlorophyll-a), while 
some missing parameters (salinity, oxygen and nutrients) could have an impact in 
partitioning the area. 
So far, Angola uses two divisions (Berrit, 1958; Berrit & Dias, 1977): , 

The first one is based on the Ecosystems and therefore it can be divided into two sub­
regions: northern sub-region is between the Congo River and the ABF while the southern 
sub-region is between the ABF and the Cunene River. The partition was made taking into 
account the main current affecting the region. The northern sub-region is affected by the 
south equatorial currents and the Angola currents while the southern is influenced by the 
Benguela current. As stated in the introduction, the two sub-regions differ in temperature, 
salinity, oxygen content, rainfalls; phytoplankton, zooplankton and fish species. 

The second one is also based on the ecosystems with three sub-regions except that the 
northern sub-region was divided into two different sub-areas: the northern (Congo River to 
Luanda) influenced by the Congo River and the equatorial currents and the centre (Luanda­
Benguela) influenced only by the equatorial and the Angola currents. The Nansen Program 
(Norwegian branch of the Institute of Marine Research) uses this second sub-division: 
northern (5.02 - 90 S), centre (9 -15 OS) and the southern sub-region (15 - 17.33°S). 

Both partitioning approaches are good, but in none of them there is an indication of 
the offshore extension. It is believed that these approaches were made at the coastline and the 
continental shelf. Most of oceanographic research cruises are made between the coast and 
lloE, which is almost 120-180 miles away in maximum. This width (180 miles) is the 
maximum width of the Angolan shelf. . 

The results obtained in this research project are far better than the previous ones 
based on empirical methods. The approach took into account two parameters (chlorophyll 
.and SST) with an offshore distance of about 370 km (200 miles). Besides, the cluster 
procedure (Bryan et aI., 2001; Sneath & Sokal, 1973), which is a multivariate statistical 
method, was guided by the results observed in the longshore and offshore directions. 
The lack of some environmental parameters (salinity, oxygen and nutrients) makes it less 
accurate. In order to find out limitations and inaccuracies of the approach, it is necessary to 
analyse common environmental and biological properties in each sub-region. 

5.1.1 Northern sub-region 

This sub-region with its new boundaries corresponds to the division made or used by 
the Nansen Program. The area is influenced by the outflow of the Congo River plume and the 
Equatorial Current and its branches (SEC, SEUC, and SECC). . 

Berrit, (1964), Molinari (1982), Picaut (1983), Wacogne & Piton (1992), Gordon & 
Bosley (1990), Peterson & Stramma (1991) just to cite a few, have described the components 
of the Equatorial currents: South equatorial current (SEC), the South equatorial Under-
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Current (SEUC) and South Equatorial counter Current (SECC). These currents are 
characterized by high temperature (2S-28°C), low salinity affected by the Congo River (29-
33) and hi~ oxygen content (Sml rl). Heavy rainfalls are recorded in this area reaching 180 
mm year - (Filipe, 1995). Some of the results obtained in this research project and related to 
the sub-areas will be discussed under other subject: Congo River plume, Benguela Nino, 
Upwelling indices and the Angola-Benguela front to avoid repetition. 

The Congo River is the second largest river in the world and affects strongly the 
salinity and the primary production of the northern region. Due to oil prospecting, many 
scientists (Peters, 1978; Eisma & Bennekom, 1978; Meulenbergh J., 1968) were interested to 
study the extension of the plume and the sediments transported by the river. 

Phytoplankton distribution: the subregion was found to be the most productive in 
terms of primary production (Cadee, 1978) and it was found that the chlorophyll 
concentration was the highest off Angola (Boltovosky et aI., 1999; Hardman-Mountford et 
aI., 2003) 

Upwelling: Cabinda and Ambriz are two upwelling cells identified in the region 
(Lutjeharms & Meeuwis; 1987). It was found that the windstress was too weak to drive 
Ekman transport (Shannon, 1985; Riesen et at, 2004) but Berrit (1966), Moore et aI., (1978) 
and Pic aut, (1983) found that the upwelling occurring in the north of ISoS, were driven by 
remote forcing. This remote forcing takes place at the Eastern Atlantic and propagates up to 
the African coast as Kelvin waves. This hypothesis was largely accepted by many other . 
scientists in the region e.g. Shannon, (198S); Hardman-Mountford et aI., (2003) and Ajao & 
Houghton, (1998). 

5.1.2 Coastal sub-region 

In terms of fisheries, it is the most important sub-region off Angola. It can be divided 
into two ecosystems: the Angola system dominated by the Angola Current and the Benguela 
system dominated by the Benguela Current. The two systems are separated by the Angola-
Benguela front. . 

The Angola current is deeply discussed in depth by Bubonov (1970), Moroshkin et 
aI., (1970), Wacogne (1990) and Peterson and Stramma (1991). They found that the current 
features high temperature (>24°C), high salinity (>35) and has an average of oxygen content 
of 5mVI. The results obtained in this study showed that the SST is bimodal and it is 2°C 
cooler than the northern region (Fig. IV 34). The temperature (Fig.IV 36) varies between 22° 
and 26°C in summer and with a minimum of 20°C in winter (August), which agrees with the 
observations of the authors cited above. 

The southern area is dominated by the Benguela Curent which was described e.g. by 
Hart and Curie (1960); Defant, (1961); Shannon, (1985); Stramma & Peterson, (1989); 
Nelson and Hutching, (1983). The temperature associated with the current varies between 
16.5-22 °C in winter and 22-24.5 °C in summer. 

The Cunene upwelling cell located in this sub-region (Fig. IV 60 & Fig.IV 64) is the 
only wind driven upwelling cell and it was found to be seasonal (Shannon, 1985; Boyd, 
1987; Lutjerharms & Meeuwis, 1987; Riesen, 2003). Further details are discussed in a 
separate chapter. 
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The Angola-Benguela front as well as Benguela Niiios are also discussed as a 
separate chapter later in this document. 

The concentration of chlorophyll in this sub-region is midway between the northern 
and offshore sub-regions. The average concentration in the sub-region (Fig.IV-35) is between 
1-5 mg m-3

• To the south of the ABF, the chlorophyll concentration reaches 10 mg m-3
• 

Boltovosky et aI., (1999) discusses the distribution of chlorophyll off Angola. 
This sub-region is the only one, which has no uniformity. The environment 

(temperature, salinity, wind, upwelling) and the biota (chlorophyll, phytoplankton, 
zooplankton and fish species) differ from the north of the sub-region. ABF is the boundary 
separating the sub-region into two distinct parts. Unfortunately cluster procedure did not 
allow having a fourth sub-region, since the south of the ABF had several different small 
clusters. It was not possible to make of each one of them a sub-area. They were afterwards 
smoothed and are merged in a single sub-area. 

5.1.3 Offshore sub-region 

With inshore boundary located at 165 km from the coast, this sub-region is not very 
important in terms of fisheries but oceanographically very important because of the 
prominent oceanographic feature, the Angola Dome located in it (Mazeika, 1967; Voituriez, 
1981; Voituriez & Herbland, 1982; Gammelsmd et aI., 1997; Filipe, 1998; Mohrholz 'et aI., 
1999 and Veitch, 2004). However as mentioned earlier, the Dome is a subsurface feature, not 
detectable with SST or surface chlorophyll-a images and will therefore not be discussed. 

The SST in this sub-region is much less variable than in the coastal sub-region 
(Fig.IV 34). During summer, SST in the offshore sub-region are generally I-2°C cooler than 
in the near-shore region, while in winter offshore SSTs are warmer than in the near-shore 
sub-region (Fig.lV 1 & Fig.IV 4). 

Chlorophyll concentration in this sub-region is the lower than in the other two sub­
regions and ranges between 0.5-1.5 mg m-3

• Upwelling has less impact at this distance than in 
the coast therefore biological productivity is low. This sub-region, like the coastal sub-region 
is divided into two systems by the ABF, which extends to at least 250 km from the coast 
(Meeuwis & Lutjeharms, 1990). 

5.2 CONGO RIVER PLUME 

Cluster analysis was used to try and detect the extension of the plume. The procedure 
did not produce satisfactory results when using SST or the combination· of SST and 
chlorophyll as input variables. This is in agreement with Hardman-Mountford et al. (2003), 
who found that the Congo River plume could only be detected with chlorophyll-a and not 
with the temperature or sea level data. 

By using only chlorophyll images it was possible to identify the structure of the 
plume. But these results have to be verified with CTD salinity data, which is an indicator of 
fresh, brackish or saline water, and have been used along with chlorophyll to detect the 
plume. This region is characterized by salinity, which is low, and chlorophyll, which is high, 
compared with other region off Angola. 

In this study, it was found that the low salinity «33) is confined to the plume (Fig.IV 
65 & Fig.IV 66) and occur only during the rainy summer (January-April). In the dry winter 
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content, about ten times higher than that in the slope sediments recovered from elsewhere on 
the southwest African margin. Only off Cunene River and on the shelf beneath the coastal 
upwelling area of Walvis-Bay (23°S) does the opal content reach values as high as those in 
the Congo River fan sediments. This high opal values in the Congo fan are related to riverine 
input of silicate and to river-induced estuarine upwelling (Van Bennekom, 1996). 

Cadee (1978) correlated salinity with chlorophyll and he found that from 15 to 18, 
chlorophyll-a decreases almost linearly with salinity and has a maximum between 20-34. The 
reason for this being that freshwater phytoplankton entered with the river discharge give rise 
to high chlorophyll concentration but the fresh water plankton rapidly dies and disappears as 
the river water penetrate the ocean and salinities increase. A bloom of marine phytoplankton 
develops in the plume but it takes time to build up hence a peak of marine pp.ytoplankton 
biomass is only found when salinity increases to 20. In the region with a salinity of 30 (150-
200 km from the river mouth), the plume broadens and a maximum in primary productivity 
and in diatom cell numbers is found (Cadee, 1978). 

Correlation carried out between salinity and chlorophyll-a concentration in this 
present study (Fig. IV 68) indicate high concentration of chlorophyll in the range of 30-33.5 
(brackish water) and low chlorophyll-a concentration in both low salinity water (28-32) and 
in high salinities (33.5-36). This result agrees with those ofCadee (1978). 

5.3 ANGOLA-BENGUELA FRONT 

The convergence zone between Angola and Benguela currents is an oceanographic 
thermal feature, which shifts northwards or southwards according to the season. The results 
obtained in this study show that in summer of southern hemisphere (January-April), the front 
moves southwards reaching its southernmost position (18°S) in March. In winter (May­
September) it moves northwards reaching the northernmost position (14.5°S) in August. The 
long term average mid-position is 16.65°S (Fig.lV 45) and the seasonal shift is around 2°S 
south or north. These results are in good agreement with previous studies (Shannon et al., 
1987; Meeuwis & Lutjerharms, 1990; Mohrholz et aI., 2001; Hardman-Mountfordetal., 2003 
and Veitch et aI., 2006) 

Shannon et aI., (1987) found the front around 14-18°S with an extension of 150 km 
offshore. According to Meeuwis & Lutjerharms (1990), the northernmost position of the 
front was in June-July (13°S) and the southernmost was in April (17°S) with a mid-position 
at 16°S. The average temperature at the ABF according to Veitch et aI., 2006 is 20.7°C in 
summer and 18°C in winter with a seasonal variation of ±2.4°C in winter and 4.2°C in 
summer. In this present study, it was found 22.6°C (March) and 16.8°C (August) with a 
seasonal variation of ±2°C (Fig.lV 47). Hardman-Mountford et at, (2003) reported to ABF 
to be between 15-17°S. Hagen et aI., (2005) reported the position at distance analysis 
between 50 and 400 km and also found the mid-position to be at 16°S with a seasonal 
variation of ±1°S. The most recent study of the ABF (Veitch et at, 2006) found that the 
range of the variation was small in summer (16-16.5°S) and wide in winter (15.5-17.5°S). 
These results are confirmed by this present study (Fig.IV 55), where in summer (January­
April), the position of the front ranges between 16.4 and 17.6°S and in winter (May­
September) between 15.4-18°S. This is an observation made in whole time-series from 1987-
2002. Also the standard deviation computed on SST gradient in this present study (Fig.IV 48) 
shows small deviation in summer (0.3-0.6) and wide in winter (0.5-0.8). The mid-position of 
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the ABF is between 16.65°S (Fig.IV 45) while Veitch et aI., (2006) found their mean location 
at :::::16.4°S. 

The previous observations were made by the use of a time-series (3-20 years) 
however Gammelsn!ld et aI., (1997), Lass et aI., (2000) and Mohrholz et aI., (2001) based 
their observation on a single survey and the results obtained were related to time of the cruise 
(March-April). 

Most of the authors (Mohrholz et aI., 2001; Veitch et aI., 2006; Meeuwis and 
Lutjeharms, 1990) consider the local windstress as a driving force for the front displacement 
while others consider the advection of warm water from the Equatorial current or both of 
them. The present study considers both factors as the driving force since it is believed that 
the movement of the ITCZ affects the position of the Angola-Benguela front (Shannon, 1985; 
Boyd et aI, 1987). 

This ABF was found to be a permanent feature in this present study during 16 years 
of observations all authors quoted above have confirmed the fact. 
The ABF can also be located with chlorophyll data and is then referred to as the biological 
front (Mitchell-Innes et aI., 2001) in contrast with the thermal front. Their observation was 
based on a single survey (June/July 1999) and found the biological front to be between 16.5-
17°S with the concentration of chlorophyll (water column) reaching 10 mg m-3

• The average 
position of the biological front found in this study in June-July was between 16.6-16.9°S 
(Fig.IV 50) but the biological front anomalies (Fig.lV 56) show that in June-July 1999, the· 
front was between 15.6 and 15.9°S respectively. The average concentration (1998-2003) of 
chlorophyll in June-July respectively was 2.2-1.8 mg m-3 (Fig. IV 52). In these months (June­
July), the biological front is in its southernmost position (17°S) but the concentration of 
chlorophyll-a is the lowest (2.2-1.8 mg m-3

). Unlike the previous authors, John et aI., (2004) 
uses the thermal front that was at 19°5 in March 1999, which is a peak position in summer 
(see results of this study). The chlorophyll values were found between 3-10 mg m-3 while the 
corresponding SeaWiFS chlorophyll at this month was 1.4 mg m-3

• 

5.4 COASTAL UPWELLING OFF ANGOLA 

The Benguela region is among the four major eastern upwelling regions of the world 
(Shannon, 1985; Andrews & Hutchings, 1980) and only a portion of the Angola coast is part 
of this biological highly productive region. Three upwelling cells were identified in this 
present study: Cabinda, Ambriz and Cunene (Fig. IV 59). 
Lutjerharms & Meeuwis (1987) identified the same cells (same latitudes) off Angola and 
referred to them as the Cabinda, Luanda and Cunene cells. The cell situated at 70 S, is off 
Ambriz while Luanda is situated at 90 S. This study will use "Ambriz" instead of "Luanda" as 
termed by Lutjerharms & Meeuwis (1987), although unknown in the world. 

As discussed earlier, coastal upwelling is driven by the windstress. Only strong 
windstress parallel to the coast can drive Ekman transport which causes deep cold water, rich 
in nutrients to upwell to the surface. Among the cells found off Angola, Cunene is the major 
one with a latitudinal extension of about 1° (118 km) and is the only wind driven upwelling 
cell off Angola. 

Boyd (1987), Hardman-Mountford et al. (2003), Risien et al. (2004) made a study of 
windstress capable of driving Ekman transport in the region. It was found that from 10-15°S, 
the area was dominated by light southwesterly wind stress with an average stress of about 
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0.03 N m-2 but from 15-18°S, the windtress is strong and consistent reaching 0.2 N m-2 with 
peaks in August (0.4 N m-2

) and May (0.3 N m-2
). 

This stress at the Cunene (0.2-0.4 N m-2
) is strong enough to drive upwelling, 

although it is weaken in summer when the South Atlantic anticyclone is further south. This 
stress is comparable with those observed in Cape Frio (=6.2-0.3 N m-2

) and in Luderitz (=6.3-
0.4 N m-2

). Boyd (1987) found an upwelling windstress varying from 4-10 dyn cm-2 (1 dyn 
cm-2 =0.1 N cm-2

) in the region between 16-18°S with peaks in March and September to 
December. He computed an upwelling index as a gradient between onshore- and offshore 
windstress and found it to range between -0.10 and -0.20 dyn cm-2 with a peak in September 
-December. 

All three authors cited above, studied the upwelling through windstress analysis and 
found the same position for the Cunene cell although there is a slight difference in the 
seasonality of the upwelling occurrences. In this study upwelling is expressed in tenns of an 
SST based index and the Cunene cell has the highest upwelling index from April to August 
with a peak in May. Risien et aI.,(2004) found a peak in windstress in that month while B<?yd 
(1987) and Hardman-Mountford et aI., (2003) found peaks in March and in September to 
December. This study considers the Cunene cell to be located between 16.5 and 17.5°S while 
the quoted authors have considered the cell to be between 16 and 18°S. 

Shannon (1985), Lutjerhanns & Meeuwis (1987) and Hardman-Mountford et at, 
(2003) also studied coastal upwelling off southern Africa by using both temperature and 
windstress and came to the conclusion that from the equator to 15°S, the windstress is too 
weak to drive Ekman transport. Then a question arises: what drives the upwelling in northern 
Angola (Cabinda and Ambriz upwelling cells)? Both cells are pennanent but the upwelling 
index is weaker (0 to -1.5) than that of Cunene. In summer (January-April) and in spring 
(September-December), the upwelling index is very weak or even absent while in winter 
(May-August) it reaches the maximum (-1.5°C). One can believe that the cold water found 
along the coast of Cabinda and Ambriz are due to winter cooling however several authors 
(Shannon, 1985; Berrit, 1976; Picaut, 1983; Lutjerhanns & Meeuwis, 1987 and Hardman­
Mountford et aI., 2003) refer to these cells as upwelling cells. 

Now it is necessary to answer to the question raised earlier. Berrit (1976), Picaut 
(1983), Moore et at, (1978) suggest that the upwelling occurring in the north of 15°S to the 
equator is remotely forced by the winds in the vicinity of the northern coast of Brazil. An 
increase of the easterly wind in the western equatorial Atlantic excites an internal equatorial 
Kelvin wave. This wave travels along the equatorial waveguide and diverge north and south 
at the African coast in the fonn of coastal Kelvin and Rossby waves, becoming trapped by 
the coast. They also believe that the equatorial Kelvin wave takes at least one month 
(speed=l m S-I) to travel from the forcing area (coast of Brazil) to the African coast. The 
same authors provide further details on this subject. 

Shannon (1985), Ajao & Houghton (1998), Hardman-Mountford (2000) and 
Hardman-Mountford et aI., (2003) support the above quoted hypothesis related to the driving 
force of the upwelling occurring in eastern equatorial African coast. 

The northern upwelling cells (Cabinda and Ambriz) are therefore not wind-driven; 
upwelling index is weak but the concentration of chlorophyll (Fig.N -2). is the highest (18 mg 
m-3

) and almost constant all year round in the band 10 km to 70 km offshore. Off Ambriz, it 
has a peak in winter 15 mg m-3 and a low in summer (7 mg m-3

). But off Cunene, the 
chlorophyll concentration is low with a peak (10 mg m-3

) in September-December (Fig.V-2), 
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period corresponding to a high in windstress. This concentration is found only at 10 km 
offshore. At 70 km offshore, it is reduced to 3-4 mg m-3

• 

The high concentration found in the north does not depend only on the upwelling, but as 
already discussed, is also enhanced by the nutrients transported by the river (Cadee, 1984; 
Eisma & Van Bennekom, 1978). 

5.5 WARM AND COLD EVENTS IN THE BENGUELA REGION 

Warm and cool periods identified during 1987-2002 in the Benguela region will be 
discussed under this research as wen as their impacts on the Angola-Benguela front, the 
Congo River plume and the coastal upwelling. Theses events were identified in the SST 
anomalies of the three sub-regions obtained from the cluster procedure. The analysis of SST 
anomalies showed that warm or cold events occurred in the years described below: 

Warm period 1987-1989 (January-December): 

The SST anomalies during this period showed positive anomalies ranging between 
+0.5 °c and 1.2°C. This warm event lasted more than six months and the anomaly was more 
than +0.5°C therefore it was an El'Nifio event (Climate Prediction Center, 2006). Besides, 
Shannon, (1985), Shannon et at, (1986), Mann, (1992) found that during Benguela Nifios the· 
ITCZ is shifted further south in the gulf of Guinea while in the Benguela region, it is shifted 
north and there is a relaxation of local windstress leading to the warming of coastal waters 
therefore a non-upwelling period. 

This warm event was not previously documented in the region, but Hardman-Mountford 
et at, (2003) consider this period as intermediate between cool and warm period. Then the 
same authors in their analysis consider 1987 as a cool event. Veitch et al. (2006) only 
consider 1988 (March-April) as a warm event in this period. Due to the impact on fisheries, 
this period did not attract scientists; consequently this period is not documented. However in 
the Pacific, the Climate Prediction Center (2006) classifies Jun-Sept (1986) to Jan-Mar 
(1988) as an EI Nifio period with a maximum anomaly of +1.6 °C: in 1987, warming lasted 
all year from January to December, with anomalies ranging between 1.1-1.6 °C. 

In 1988, warming (+0.8 °C) was' recorded only in January and February but the rest of 
the year was regarded as a cool period (April-June to Nov-Jan) with a maximum of -1.9 °c. 
The year-1989 was considered as a cool year (-0.6; -1.7). It is obvious that warming in the 
Pacific does not mean warming in the Benguela. Some scientists believe that there is a 
connection between ENSO and Benguela Nifios and warming in the Pacific is advected 
through Kelvin waves and reach the Eastern Atlantic one year later (Philander, 1981; Binet et 
aI., 2001; Roy & Reason, 2001; Hardman-Mountford et aI., 2003, Coldberg et aI., 2004). 

According to Philander (1981), the connection between Pacific and Atlantic Walker 
atmospheric convection cells has been suggested as an explanation of the out of phase 
coupling of the Pacific ENSO and Atlantic NifioslNifias alternances. Besides, Roy & Reason 
(2001) studied the relationship existing between the Pacific ENSO and coastal upwelling off 
West Africa. They carne up to the conclusion that "warm events in the. Pacific during fall 
and early winter lead, a few months later, to a relaxed state of the wind-induced upwelling on 
the eastern side of the Atlantic basin and to warm conditions being observed along the coast 
of West Africa during late winter and spring". 
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However others (Shannon, 1985; Shannon et aI., 1986; Mann, 1992) remain skeptical and 
continue to believe that Benguela Nifios are driven by local relaxation of windstress causing 
a southward shift of the ITCZ. Mann (1992) stated that an attempt was made to link 
Benguela Nifios with ENSOs, however it was unsuccessful since the periodicity of the former 
is about 10 years whereas the ENSO is just 2-3 years. 

During this period, the Angola-Benguela front (Fig.IV 54) was further south (17-18°S) 
and non-upwelling was observed in any of three Angolan upwelling cells. In March-April 
(1988), Veitch et aI., (2006) observed southward incursion of warm water up to 18 OS. 

Warm period 1994 (Oct-Dec)-1995 (Jan-May) 

The observation made during this period showed SST anomalies ranging between 
+0.7 and +1.2°C (Figs.N 37-40). The event started in October 1994 and ended in May 1995. 
In the Pacific, Climate Predication Center (2006) observed this warm event between 1994 
(Mar-May) and 1995 (Feb-Apr). It means that the abnormal conditions lasted from March to 
November 1994, and continued in 1995 from January to February. As most modern scientists 
accept the theory oftele-connection, warming reaches the Atlantic a year later. 

Comparing the occurrence of the event in the Pacific and in the south Atlantic, it took 
just seven months and ended three months earlier. 
Besides Benguela Nino'1984 (Shannon 1985, Shannon et aI.,1986 Boyd et aI.,1987), the 
anomalous thermal condition observed in 1994-1995 was the most intense and the best 
documented in the region (Luyeye, 1995; Gammelsred et aI., 1998; Binet et aI., 2001). 

The results obtained in this research study show AT = T95 - T94 (Fig.N 73-78). This 
AT ranges from 1°C to 2°C from September 94 to May 1995. The difference was not large at 
the surface but at 20 m depth, Gammelsmd et aI., (1998) found .A T=8°C (Fig.IV 79) and 5m 
depth, they found .A salinity=5 (FigJV 80). Salinity was low in Angola waters dropping from 
35 to 30 psu in central Angola while in the Congo River plume; it dropped down to 28-29 
(Fig.N 80). This low salinity was attributed to heavy rainfalls in that period which increased 
the outflow of the river. . 

The Angola-Benguela front (Fig.IV-54) was found further south between 17.14-
17.73°S in March-April 1995 while in the same months 1994, the front was at 16.33-16.17°S. 
Although Veitch et aI., (2006) did not comment specifically on the position of the ABF in 
1995, they stated that during major warm anomalies, the SST gradients weaken in the frontal 
zone and are significantly increased in the region to the south of it, indicating that the ABF 
shifts or spreads southwards by approximately 8° ("",900 km) during major warm anomalies. 
And they added "that the warm anomalies take about a month to affect the position of ABF". 

Gammelsmd et aI., (1998) suggest that Benguela Nifios are associated with a positive 
subsurface salinity anomaly in Namibian waters and a negative surface salinity anomaly in 
Angolan waters. However, Binet et aI., (2001) state that the excess of local rains cannot 
account for the large volume of low salinity waters in Angola but that it seems to be related 
to the deviation of the Congo River plume, pushed back towards the coast by the warm 
oceanic waters and not by increased river discharge. A negative flow anomaly of about -1 m3 

S·I was observed in the Congo River (1995) and positive anomaly in .the rainfall in Pointe 
Noire of about +90 mm (Binet et aI., 2001) and + 170 mm in Luanda (Filipe, 1995). 

We do not know how the Congo River affects salinity to the north of Cabinda, but 
what happens along the Angola Coast is well known. Salinity is affected only from the mouth 
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of the river to the south of Luanda and only at the upper layer (15 m). From Luanda to the 
Cunene, there is no salinity effect. Therefore warm water intruding along the Namibian coast 
has high salinity (35-36) which is normal for the Angolan waters. 
In addition to the salinity anomaly, the thermocline deepened from 25 to 40 m depth in 
central Angola. This warm and brackish water killed most of the pelagic fish or forced them 
to move northwards or southwards (Gammelsmd et aI., 1998; Binet et aI., 2001; Luyeye, 
1995). 

The upwelling index anomalies (Fig.IV 62-64) computed in this present study showed 
that upwelling was depressed in all three Angolan upwelling cells during the 1994-1995 
event. In fact the index anomaly remained at a level> +2°C, the highest in the series. 

Warm period 1998 -2000 (Jan-Dec) 

During this period, SST anomalies ranged between +0.9 DC and + 1.2DC. Warming 
lasted three years from January 1998 to December 2000 (Fig. IV 37-40). In the Pacific, 
(climate Prediction Center, 2006), the situation was completely different. Two major events 
occurred during this period: 1997(Apr-June) to 1998 (Mar-May) (warm event) and 1998 
(Jun-Aug) to 2000 (May-Jul) (cold event). The warm event started in April 1997 and ended 
in March 1998 with a maximum anomaly of about +2.5°C. The cold event started in June 
1998 and lasted until May 2000 with a maximum anomaly of -1.6°C. 
In early 1998, the start of warming in Benguela coincided with the end of the Pacific warm 
1998 event while 1999 was a cool year in the Pacific it was a warm year, with a magnitude 
equal to the one of 1995, in Angola. 

Hardman-Mountford et aI., (2003) referred to this period (1998-1999) as a warm 
event with high SST anomalies, higher than usual sea levels and weak southerly winds but 
the year 2000 was not included because the the time-series used ended in 1999. These 
authors consider 1999 as a Benguela Nino. Besides, that warm SST anomalies stretched as 
far as the Southern Benguela, equartorward winds were in low phase during this period. 
Veitch et aI., (2006) also refer to 1999 as a warm year without including 1998 and 2000. 
They also found a southward movement of the ABF up to 18°S. 

The results found in this present study showed that the ABF was further south (17-
17.5°S) in 1998-1999 but shifted northward in 2000 reaching 15°S (Fig.IV-54). During this 
period, the concentration of chlorophyll (Fig.V 41-44) was very low (anomaly = -0.2 mg m'3, 
-1 mg m'\ no upwelling was observed in any of the Angolan cells (Fig.IV 62-64) and the 
salinity went down to 30 at the Congo River mouth in March 1999 and in March 2000 
(Fig.IV 66). 

Cold period (1996-1997) 

This period showed SST negative anomalies ranging between -0.8°C and -1.4°C 
starting in September 1996 until May 1997. In the Pacific, cooling occurred between August 
1995 and February 1996 with SST anomalies of about -0.8°C, but as mentioned before warm 
occurred between April 1997 and March 1998, with an anomaly of +2.5°C. 
In the literature, cool events receive less attention than warm events because they do not have 
the dramatic adverse effect on biological production and, especially, marine living resources. 
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Early 1996 was reported a warm year in the region (Gammelsrad et aI., 1998; 
Hardman-Mountford et at, 2003 and Veitch et al.,2006); but this warming was very short 
(Jan-March). However Hardman-Mountford et at, (2003) and Veitch et aI., (2006) referred 
to 1997 as cool year. During the cool period, upwelling is enhanced therefore high biological 
productivity is recorded. The ABF (Fig.N 54) was fluctuating between 16 and 17.5°S 
moving northwards (15.5°S) just for a short period (Jan-Feb 1997) then a strong upwelling 
was observed in the entire coast from May-Dec 95 (Fig.N 59-60 & Figs.N 62-64). In 1996 
and 1997, a slight upwelling was observed in the three cells. 

Cold period (2001-2002) 

Negative SST anomalies ranging between -0.7°C and -1.4°C were observed during 
this period starting from August 2001 to December 2002 (Fig.N 37-40). In the Pacific, warm 
and cool events were recorded (CPC, 2006): 

• A cool event between (Sept-Nov) 2000 and (Jan-Mar) 2001 with a negative anomaly 
of about -0.7 

• A warm event between (Apr-Jun) 2002 and (Feb-Apr) 2003 with a positive anomaly 
of about + 1.5 

In the Benguela, both events were observed as a single cool period. During this period the 
ABF was further north, fluctuating between 14.5°S and 16°S (Fig.N 54). The chlorophyll 
concentration was high (anomaly=1.4 mg m-3

) in coastal and offshore sub-regions (Fig. IV-
37, 40-42). Strong upwelling (-2°C) was observed at the Cunene cell but nothing out of 
ordinary was found in Cabinda and Ambriz cells (Fig.N 59-60 & Figs.N 62-64). 
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CHAPTER VI CONCLUSIONS 

1. Cluster analysis was used successfully to partition the Angola marine environment 
into three different sub-regions: northern, coastal and offshore sub-regions. The 
variation of SST and chlorophyll-a in the longshore and offshore directions were used 
as a guide in the subdivision process however the results obtained have some 
shortcomings: the coastal sub-region by itself has two systems, which are completely 
different in terms of environment (temperature, salinity, upwelling, wind) and biota 
(chlorophyll-a, zooplankton and fish species). South of the ABF should be a fourth 
sub-region, but the cluster procedure did not define that part as a single area with 
common properties. Instead it was defined as a large number of small sub-regions 
indicating an immensely very variable region. 
It is recognized that the subdivision should ideally have been performed on the 

grounds of more comprehensive set of oceanographic parameters, notably salinity 
and oxygen but such data are presently not available with sufficient spatial and, 
temporal density. 

2. Several attempts were made to identify the extension of the Congo River plume by 
using SST, chlorophyll-a or the combination of both in the cluster procedure. It, 
however, turned out that only the chlorophyll concentration was partly effective for ' 
the purpose and needed to be verified through the use of CTD salinity data. 
The plume can be detected with chlorophyll but there are complications in the form 
of the transition of freshwater plankton to saline water plankton. 
Correlation carried out between salinity and chlorophyll-a concentration indicates 
high concentration of chlorophyll in the range of 30-33.5 (brackish water) and low 
chlorophyll-a concentration in both low salinity water (28-32) and in high salinities 
(33.5-36). This result agrees with those ofCadee (1978). 
Cluster results showed an offshore extension until 370 km (offshore distance), which 
matched with other scientists' results (800 km). The southward extension of the 
plume is around 8-9°S (Ambriz-Luanda). 
Low salinity (28-33) during the rainy summer (January-April) allows detecting the 
latitudinal extension of the plume. In winter, salinity is high everywhere (34-
35). 

3. The northern and southern boundaries of the ABF were found to be between 15°S and 
18°S with a mid-position at 16.86°S in summer (April) and 16.4~S in winter (August) 
but with variation induced by warm and cold events. With the biological front, the 
results were not as expected. The range of the ABF variation is similar to what was 
obtained with SST but there is no correlation between SST and chlorophyll frontal 
positions. When the thermal front shifts northwards, the biological front shifts 
southwards in most cases. 
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4. Three upwelling cells off Angola were identified: Cabinda (5.02-5.5°S); Ambriz (7-
80 S) and Cunene (16.5-17.33°S). The same cells were identified by Lutjeharms and 
Meeuwis, (1987). Cunene was found to be the only upwelling cell driven by the 
windstress (Shannon, 1985; Boyd, 1987 and Risien et at, 2004). However off 
Cabinda and Ambriz, the windstress is too weak to drive Ekman transport. Kelvin and 
Rossby waves are believed to drive the upwelling in the north of Angola, remotely 
forced from the western Atlantic (Coast of Brazil) (Berrit, 1976; Picaut, 1983; 
Moore et aI., 1978) 

5. Warm and cold events were identified with Meteosat-SST between 1987 and 2002. 
SST anomalies obtained from the sub-regions, position anomalies of the Angola­
Benguela front and upwelling index anomalies allowed identifying aU warm and cold 
periods: 

a) Warm events: 1987-1989 (Jan-Dec); 1994 (Oct-Dec)-1995 (Jan­
May); 1998-2000 (Jan-Dec). 

These events are characterized by a positive anomaly higher than +0.5°C and lasted 
more than six months. Although the hypothesis on teleconnections between the 
Pacific ENSO and Benguela Nifios is partially but not fully accepted by scientists of 
the region, it was observed in most cases an occurrence of a warm event in the 
Benguela six months or one year after it has occurred in the Pacific. 
In addition, the Pacific Nifios are frequent and last longer than the Benguela Nifios. 
Most of oceanographic features are affected by the warm events: 

• High temperature and low salinity off Angola 
• Salinity is mostly affected by an increase of the outflow of Congo 

river in the region of the plume 
• Low chlorophyll concentration 
• Upwelling weakens or ceases 
• ABF moves southwards in its southernmost position 

b) Cold events: 1996 (Sept)-1997(Aug); 2001(Aug)-2002 (Dec) 

The cold events are characterized by a negative anomaly lower than -0.5°C and 
lasted more than six months. The connection with the Pacific is similar to the warm 
events. They negatively affect oceanographic features: low temperature and high 
salinity, high chlorophyll concentration, strong upwelling and the ABF move 
northwards in its northernmost positions. 
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APPENDIX 
IDL PROGRAMS USED IN TIDS RESEARCH PROJECT 

1. EXTRACTION OF CHL-a DATA FROM 5-DAY SEAWIFS COMPOSITE 
IMAGES 

;EXTRACTION OF CHLOROPHYLL_a DATA FROA SEAWIFS IMAGES 

;EXTRACTION OF CHLOROPHYLL_a DATA FROM SEAWIFS IMAGES 
,CALCULATION OF MONTHLY MEAN CHLOROPHYLL a" 
;IDL PROGRAM WRITTEN BY VIANDA L.L. FILIPE /UCT MSc STUDENT (2005/2006)" 
;SUPERVISOR DR. KOBUS AGENBAG (MCM/CAPE TOWN) 
I 

img_dir-'C,\DATA\SBAWIFS_lMAGES\' 

img_str-'*.bil· 
I 

out_dir-'C:\IDL_COURSE\PROJECT\SBAWIFS FILES\SWATH3\' 
out_file_' SBAWIFS16_17SWATH3. txt· , 
;STARTING AND ENDING TIME (YEAR,MONTH &: IMAGES) 
startJear .. 1998 
endJear .. 2004 
start_month_l 
end_month .. 12 
start_img .. l 
end_img .. 6 , 
;GEOGRAPHICAL COORDINATES OF THE IMAGE 
start_lat .. -S.OO 
end_lat--40.00 
start_lon .. S.OO 
end_lon-40.00 
I 
;PlXEL SAMPLES (NUMBER OF COLUMNS), SCAN LINES (NUMBER OF ROWS), Xsize &: Ysize 
I 
xdi_82S 
ydim-S25 
ysize-(start lat-end lat)/ydim 
xsize .. (end_l~n-start=lon)/xdim 

PRINT,ysize,xsize , 
;LENGTH OF THE SWATH 

swath_widthl .. 10 
swath_width2-20 
swath_width3-40 

/km (distance between the coast and the first point offshore) 
;km (distance between the first point and 2nd point offshore) 

; 

y-106 arbitrary value obtained from the centre of the region (inverted image), 
values obtained from RDPIX (yl=543;y=649-543=106) 
Value of the first pixel in the scan line y=106 
Value of the second pixel in the scan line y=106 

I 
; CONVERSION OF Xl AND X2 INTO LONl AND LON2 

lonl- start lon+(xsize/2)+xl*xsize 
10n2 .. start=10n+(xsize/2)+x2*xsize 
I 
Print,nlonl_".lonl,-10n2 .. -,10n2 
I 
;GEOGRAPHICAL COORDINATES OF A GIVEN REGION (IN THIS CASE,ANGOLA) , 
latn--16.S 
lats--17.5 
10ne-9.00 
lon_IS. 00 
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I 
;CONVERSION OF GEOGRAPHICAL COORDINATES (lat, long) INTO X,Y COORDINATES 

yn_ROUND«(start lat-latn)/ysize)-O.S) 
ys-ROUND«(start-lat-latsl/ysize)-O.Sl 
xe_ROUND«{lone-start lon)/xsize)-O.5) 
xw-ROUND«(lonw-start=lon}/xsizel-O.S} 

yl (for latn) 
y2 (for lats) 
xl (for long) 
x2 (for long) 

; 
;RANGE OF THE CHOLOROPHYLL-A CONCENTRATION (ChI-C) IN ANGOLA 
I 

minChl_C-O.l Illig/cubic meter (Minimum acceptable Cholorophill_a concentration) 
(Maximum acceptable chlorophill_a concentration) 

Converting minChl_C into digital count 
Converting maxChl __ C into digital count 

lIIaxChl_C-SO Illig/cubic neter 
maxval-(aloglO (maxChl_C) +2.0)/O.OlS 
minval-(aloglO(minChI_C)+2.0)/O.OI5 
Print,"maxval.",maxval,Rminval-R,minval 
lIIin-percent_good-30 Minimum percentage of good Chl_.C required in a swath in order to 
compute the mean_Chl_C 

;*************************************************************************************;****** 
**************************************************************.**************.* 
n-72*{(end-year)-(start_year)+l) 
Print,n I number of files 
arr-STRARR(n) 
darr .. INTARR(n) 
barr-INTARR(n) 
numfile--l 
MODE.. 2 
FOR year-start-year,end_year DO BEGIN 

str-yeer-STRTRIM(string(year),2) 
IF MODE EO 1 THEN BEGIN 

ENDFOR 

IF year GT start-year THEN BEGIN 
Sill" 1 
em,,12 

IF year EO end_year THEN BEGIN 
sm .. 1 
em-end_month 

ENDlF 
ENDIF ELSE BEGIN 

sm-start_month 
em-12 

ENDELSE 
ENDlF ELSE BEGIN I mode 2 

slll"start month 
em-end_month 

ENDELSE 

FOR month-sm,em DO BEGIN 

ENDl!'OR 

IF month GT 9 THEN BEGIN 
str_month-STRTRIM (string (lIIonth) ,2) 

ENDIF ELSE BEGIN 
str_month.'O'+ STRTRIM{string(lIIonth) ,2) 

ENDELSE 

FOR image-start illIg,end img DO BEGIN 
numfile"numfi1e+1 -
str_image-STRTRIM(string(image) ,2) 

illIg str-'chl'+ str year + str month + 'p' + str_image +'.bil' 
- arr(numfi1e).img_str -

barr[numfile]"year 
darr[numfile] "month 

ENDFOR 

Print,arr 
;*************************************************************************************;****** 
******************************************************************************* 
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img_list-PINDPILE(img_str,count-num_img) 
I 

file-path-img_dir + arr(O) 
OPENR,luni,file-path,!GET_LUN 
a-ASSOC{luni,BYTARR{xdim,ydim)l 
image-a (0) 
CLOSE,luni & FREE_LUN,luni 
I 

READING THE FIRST IMAGE 

y_start-Min([yn,ys]) ;MINIMUN VALUE OF LATITUDE 
y_end- Max { [yn,ys]) ;MAXIMUN VALUE OF LATITUDE 
I 
swath_mask-BYTARR{xdim,ydim)1 OPEN A 2 DIMENSIONAL ARRAY OF SWATH MASK 

I 

FOR y-y_start,y_end DO BEGIN 
I 
; CONVERSION OF Y INTO THE CORRESPONDING LATITUDE 

laty- start_lat-(ysize!2)-y*ysize 

;COMPUTATION OF THE PIXEL SIZE USING MAP-2POINTS (LONG BEING CONSTANTS AND LAT, A ; VARIABLE) 
I 

xdiml-MAP_2POINTS(lonl,laty,lon2,laty,!metersl!1000, XDIM1!lOOO CONVERTING MINTO KM 
I 

idx-where(image[*,y] EQ 253,cnt} I SEARCH FOR THE FIRST PIXEL AT THE LAND_BORDER 
1 
x_coast-idx(O) FIRST PIXEL FOUND AT 
x_swath_widthl-ROUND(Float{(swath_widthll!{xdimll» 

THE COAST (LAND_BORDER) 

COAST AND THE FIRST SWATH 
x_swath_width2-ROUND(Float«swath_width2)!(xdiml») 

FIRST AND THE SECOND SWATH OFFSHORE 
x_swath_width3-ROUND(Float{{swath_width3)!(xdiml») 

NUMBER OF PIXELS BETWEEN ;THE 

NUMBER OF PIXELS BETWEEN ;THE 

xl l.x_coast 
x12-(xll-l)-(x_swath widthl) 
x13-{x12+1l-{x swath width2) 
x14.(x13+1l-(x=swath=width3) 

X VALUE OF THE COAST 
X VALUE OF THE FIRST SWATH 

I X VALUE OF THE SECOND SWATH 

PRINT,·xll_ n ,xll,·x12.·,x12,·x13.·,x13,·xdiml.·,xdiml 
I 
swath_mask[x14,x13,y]-205 1 FILL THE MASK SWATH WITH 205 

ENDl"OR 

;******************************************************************************************** 
******************************************************************************* 
;idx_land-where(image BQ 253 OR image EQ 254,num_idx_land) 
;image(idx_Iand)-swath_mask(idx_Iand) 
1 

lidx land-WHERE(image EQ 254,num idx land) 
;idx=border-WHERB(image EQ 253,nUm_idx_borderl 
lswath_mask_copyaswath_mask 
Iswath mask copy[idx landl-150 
Iswath=mask=copy[idx=borderl.200 

;Print,ftnum_idx_land.·,num_idx_land 
I 

,IORDBR-l 
Iwnum-ID.WXNDOW+l 
;WINDOW,wnum,XSIZE-xdim,YSIZB-ydim 
'TVSC~,swath_mask > 100 < 255 
;TV,swath_mask_copy 
;****************.*.*******.***********.****.*****************************************;****** 
******************************************************************* •••• *****.*. 
I 
idx_swath-WHERB(swath_mask EQ 205,num_idx_swath)1 CHECKING 205 ASSIGNED TO THE MASK 
I 
min-pixels-ROUND«min-percent_good!lOO.O)*num_idx_swath) 

/computation of the Mean Chl C excluding cloud and bad ChI C 
; 
n_images-numfile 
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averages-FLTARR(3 ,n_images+l) 
I 
FOR j-O,n_images DO BBGIN ; Process all the images 

file-path-img_dir + arr(j) 
idx-where(img_list BQ file-path,count); checking the missing files 

; 

IF count NB 0 THEN BBGIN, only if there is no missing files 
OPBNR,luni,file-path,/GBT_LUN 
a-ASSOC(luni,BYTARR(xdim,ydim» 
image-a (0) 
CLOSB,luni • PREB_LUN,luni 
; 

,COMPUTATION OF X,Y COORDINATES FROM IDX SWATH (GEOGRAPHICAL POSITION OF THE 
;DIGITAL COUNTS CORRESPONDING TO THE Chl_C) 

subimage-INTARR(num_idx_swathl 
Chl_C-FLTARR(num_idx_swath) 

FOR i-O,num_idx_swath-l DO BEGIN 
x-idx swath[i]MOD 825 
y-idx=swath[il/825 
subimage(i)-image[idx_swath(il] , 

;CHECKING THE PIXELS WITHIN THE REQUIRED RANGE AND EXLUDING CLOUDS,LAND AND ; LAND_BORDER , , 
indeX-WHERE (subimage LT 253 AND sub image GT minval AND sub image LB maxval,ct) 

I 
,CONVERSION OF DIGITAL COUNTS INTO Chl_C 
I 

Chl_C(il.lO A (O.Ol5*subimage(il-2.0l 

;Print,i,x,y,subimage(i),Chl_C(i) 
ENDFOR 
; 

IF ct GE min-pixels THEN BEGIN ; A MINIMUM NUMBER OF GOOD PIXELS IS REQUIRED 
I IN ORDER TO COMPUTE THE MEAN_Chl_C 

mean_Chl_C-MEAliI(Chl_C(index» ; COMPUTATION OF THE MEAN_Chl C 
;EXLUDING ALL BAD VALUES (LAND, CLOUDS, BORDER AND ALL 0.1> Chl_C > 50mg/m3 ) 

averages [O,jl-barr(j) First column of years 
averages[l,j]-darr(j) Second colum of months 
averages[2,jl-mean_Chl_C Third column of mean Chl C 

BNDIP ELSE BEGIN 
averages [O,jl-barr(j) ;First column of years 
averages [l,j]-darr(jl ;Second colum of months 
averages [2,j]--9999.99 ;Third column of mean Chl C 

ENDELSE 
; 

ENDIP ELSE BEGIN 
averages[O,jl-barr(j) 
averages[l,j]-darr(j) 
averages[2,jl--9999.99 

BNDBLSB 
BNDPOR 

if there is any missing file, then write -9999.99 
I Pirst column of years 
I Second column of months 

I Third column of mean-Chl-C 

;*************************************************************************************;****** 
******************************************************************************* 
Por j-O,n_images-5,6 DO 
PRINT,averages(O.l,j),averages(2,j'j+5),formatm' (I5,2X,I4,2X,PlO.2,4X,P10.2,4X,P10.2,4X,P10.2 
,4X,F10.2,4X,P10.2), 
OPBNW,luno,out_dir+out_file,/GBT_LUN/ open an ouput file 
PRINTF,luno, "EXTRACTION OF CHROROPHYLL a DATA PROM SBAWIPS 5-DAYS COMPOSITB 
IMAGBS" , format.· (5X,A70,/>' -
PRINTP,luno,nCALCULATION OF MONTHLY MEAN CHLOROPHYLL a USING THE SWATHR,format.· (5X,A70,/)' 
PRINTP,luno,"IDL PROGRAM WRITTEN BY VIANDA L.L. FILIPB /UCT MSc STUDENT 
(200S/2006)·,format.· (5X,A70,/)' 
PRINTP,luno, "SUPBRVISOR DR. KOBUS AGBNBAG (MCM/CAPB TOWN)R ,format.· (lOX,A50,1) , 
PRINTP,luno,RMEAN SBAWIPS CHLOROPHYLL_a CONCBNTRATIONR,format_' (l5X,~50,/)' 
PRINTp,luno,start_year,start_month,start_img,formata $ 

'(5X,RSTART_YBAR-",IS,3X,"START_MONTH-",I3,3X,"START_IMAGB-",I2,5X,/)' 
PRINTP,luno,end year,end month, end img,format-$ 

I (SX,REND_yiAR.R,IS,3X,REND_MONTH_R,I3,3X,RBND_IMAGEaft,I2,5X,/) I 

PRINTP,luno,latn,lone,$ 
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format.' (5X, "START_LATITUDE-",FlO.4,3X,·START_LONGITUDB-",FlO. 4,5X/) , 
PRINTF,luno,lats, lonw, $ 
format-' (5X,REND_LATITUDB.·,FlO.4,5X,RBND_LONGITUDB.·,FlO.4,5X, I)' 
PRINTF,luno,swath_widthl,swath_width2,$ 
format.'(SX,RSWATH_WIDTHl.·,FlO.4,5X,·SWATH_WIDTH2.·,FlO. 4,5X,/)' 
PRINTF,luno,minChl C,maxChl C,$ 
format.' (SX,-MINIMUM CHLOROPHYLL_a-",Fl2.4,5X, "MAXIMOM CHLOROPHYLL_a-",Fl2.4,SX,/) , 

;*************************************************************************************;****** 
******************************************************************************* 
; Write mean Chl_C in six according to six composites per month , 
For j-0,n_images-S,6 DO PRINTF,luno,averages(O:l,j), averages(2,j.j+5),$ 
format.' (I5,2X,I4,2X,FlO.2,4X,FlO.2,4X,FIO.2,4X,FIO.2,4X,FlO.2,4X,FlO.2) , 
Close,luno & FREB_LON,luno 
END 

~ 

££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
££££££££££££££££££££££££££££££££££££££££££££££££££££ 

2 EXTRACTION OF SST DATA FROM METEOSAT COMPOSITES IMAGES 

,INPUT FILES: 5 DAY METEOSAT SST IMAGES 

;EXTRACTION OF SST DATA FROM METEOSAT IMAGES 
;CALCULATION OF MONTHLY MEAN SST 
;IDL PROGRAM WRITTEN BY VIANDA L.L. FILIPE IUCT MSc STUDENT (2005/2006)" 
;SUPERVISOR DR. KOBUS AGENBAG (MeM/CAPE TOWN) 
I 
img dir-'C.\DATA\METEOSAT IMAGBS\' 
img=str-'*.sst' -
I 
out_dir.'C.\Master Thesis\' 
out_file-' sstl_2SWATH6. txt , 
; 

;STARTING AND ENDING TIME (YEAR,MONTH & IMAGES) 
start_year-l987 
end-year-2003 
start month-l 
end_month.l2 
start_img-l 
end_img-6 
; 

;GEOGRAPHICAL COORDINATES OF THE IMAGE 
; 

start_lat.-5.00 
end_lat--40.00 
start_lon-S.OO 
end_lon-40.00 

;Pixel Samples (nber of columns), Scan lines (nber of rows), Xsize & Ysize 
1 

xdim.6S0 
ydim.6S0 
ysize-(start lat-end lat)lydim 
xsize.(end_lon-start=lonl/xdim 
I 
PRINT,ysize,xsize 
; 
;Lentgh of the swath 
I 

swath_widthl-lO 
swath width2-20 
swath_width3-40 

;km (Distance between the coast and the first point offshore) 
;km (Distance between the first point and the second offshore) 

I 
y-106 

xl-84 

I obtained from th~ centre of the region,values 
obtained from RDPIX (yl=S43;y=649-543=106) 

I Value of the first pixel in the scan line y-106 
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x2-85 I Value of the second pixel in the scan line y=106 

; CONVERSION OF Xl AND X2 INTO LONGITUDE 1 AND LONGITUDE 2 

lonl. start_lon+(xsize/2)+xl*xsize 
lon2. start_lon+(xsize/2)+x2*xsize 
1 
Print, "lonl.·,lonl,"lon2.·,lon2 
I 
;GEOGRAPHICAL COORDINATES OF A GIVEN REGION (In this case: Angola) 
I 
latn .. -l5.74 
lats .. -l7.68 
lone.g.OO 
lonw-l5.00 
I 
,CONVBRSION OF GEOGRAPHICAL COORDINATES OF THE REGION (lat, long) into X,Y COORDINATES 
I 
yn-ROUND«(start lat-latn)/ysize)-O.5) 1 

yS.ROUND«(start-lat-lats)/ysize)-O.5) I 

xe-ROUND«(lone-start lon)/xsize)-O.5) 
xw-ROUND«(lonw-start=lon)/xsize)-O.5} 

Print,-yn_R,yn,·YS.·,ys,Rxa.·,xe,·xw.·,xw 
; 

yl (for latn) 
y2 (for late) 
xl (for long) 
x2 (for long) 

;TEMPERATURE RANGE ACCEPTABLE IN ANGOLAN WATERS 
; 

minT-16 I minimum temperature 
maxT-32 I maximum temperature 
;CONVERSION OF TEMPERATURES(DECIMAL) INTO DIGITAL NUMBERS (DN) 
1 

minval-2*{55-maxT) 
maxval .. 2*(55-minT) 
min-percent_good-30 I MINIMUM PERCENTAGE OF GOOD SST REQUIRED IN A SWATH 

;************************************************************************************* 
;************************************************************************************* 
n-72*«end-year)-(start-year)+l) ;TOTAL NUMBER OF BINARY FILES 
Print,n I number of files 
arr-STRARR(n} 
darr-INTARR(n) 
barr .. INTARR en) 
numfile--l 
MODE.. 2 
; THE FOLLOWING SUBROUTINE ALLOWS TO LIST ALL BINARY FILES 
FOR year-start-year,end-year DO BEGIN 

str_year .. STRTRIM{string(year) ,2) 
IF MODE EQ 1 THEN BEGIN 

IF year GT start-year THEN BEGIN 
sm .. l 
_ .. 12 

IF year EQ end-year THEN BEGIN 
sm-l 
_ .. end_month 

ENDli' 
ENDIF ELSE BEGIN 

sm .. start_month 

ENDELSE 
ENDIF ELSB BEGIN; mode 2 

sm .. start_month 
em-end month 

ENDELSE 

FOR month-sm,em DO BEGIN 
Ii' month GT 9 THEN BEGIN 
str_month-STRTRIM(string(month) ,2) 

KNDIF ELSE BEGIN 
str_month-'O'+ STRTRIM(string(month),2) 

ENDELSE 
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ENDFOR 

FOR image-start_ims,end_img DO BEGIN 
numfile_numfile+l 
str_image-STRTRrM(string(image),2) 

ims_str-'b'+ str-year + str_month + 'p' + str_imaga +'.sst' 
arr(numfila)-ims_str 
barr[numfile]-yaar 
darr[numfila]_month 

ENDFOR 

ENDFOR 
Print,arr 
;******************************************************************************* 
;****************************************************************************** 
ims_str-ims_dir+'*.sst' 
ims_list-FINDFILE(ims_str,count-num_img) 
; 

fila-path-ims_dir + arr(O) 

I 

OPENR,luni,fila-path,/GET_LON I READING THE FIRST IMAGE 
a-ASSOC(luni,BYTARR(xdim,ydim» 
imaga-a(O) 
CLOSE,luni & FREE_LON,luni 
I 
y start-Min([yn,ys])I COMPUTE THE MINIMUM LATITUDE AS THE STARTING LAT 
y:::and- Max ( [yn,yS] l I COMPUTE THE MAXIMUM LATITUDE AS THE ENDING LAT 
I 
swath_mask-BYTARR(xdim,ydim)/ OPEN A 2 DIMENSIONAL ARRAY OF SWATH_MASK 

FOR y.y_start,y_end DO BEGIN 
I 
; CONVERSION OF Y INTO THE CORRESPONDING LATITUDE 
1 
laty- start_lat-(ysiza/2)-y*ysiza 
I 

;COMPUTATION OF THE PIXEL SIZE USING MAP-2POINTS (LONGITUDES LONl & LONG2 ARE ;CONSTANTS $ 
AND LATITUDE, A VARIABLE VARYING BETWEEN START_LAT AND END_LAT) 

1 

xdiml-MAP_2POINTS(lonl,laty,lon2,laty,/metars)/lOOOI XDIMl/lOOO CONVERTING MINTO KM 
I 
idx-whare(image[*,yl EQ 29,cnt) 
1 
X coast-idx(O} I FIRST PIXEL FOUND AT THE COAST (BORDER) 
x:::swath_widthl-ROUND(Float«swath_widthl)/(xdiml»l NUMBER OF PIXELS BETWEEN THE 

COAST AND THE FIRST SWATH 
x_swath_width2-ROUND(Float«swath_width2)/(xdiml») NUMBER OF PIXELS BETWEEN THE 

FIRST SWATH AND THE SECOND OFFSHORE. 

ENDFOR 

x_swath_width3-ROUND(Float«swath_width3)/(xdiml») 

xll-x_coast 
x12-(xll-l)-(x_swath widthl) 
x13-(x12+1)-(x_swath_width2) 

1 
I X VALUE OF THE COAST 

X VALUE OF THE FIRST SWATH 
; X VALUE OF THE SECOND SWATH 

1 
PRINT,"xll--,xll,"x12-",x12,·x13.·,xl3,·xdiml.",xdiml 
I 

swath_mAsk[x12,xll,y]-255 ; FILL THE MASK SWATH WITH 255 

,*************************************************************************************;****** 
******************************************************************************* 
I 
idx_swath-WHBRE(swath_mAsk EQ 255,num_idx_swath)1 CHECKING 255 ASSIGNED TO THE MASK 
I 

min-pixels-ROUND«min-parcent_90od/100.O)*num_idx_swath) 

;computation of the Mean SST including cloud and bad SST masking 
1 
n images-numfile 
averages_FLTARR(3,n_images+l) 
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1 

FOR j-O,n_images DO BEGIN 
file-path-img_dir + arr(j) 
idx-where(!mg_list EQ fi1e-path,count) 

Process all the images 

I checking the missing files 
1 

IF count NB 0 THEN BEGIN , only if there is no missing files 
OPENR,luni,fi1e-path,/GET_LON 
a-ASSOC(luni,BYTARR(xdim,ydim» 
image-a (0) 
CLOSB,luni & FREE_LON,luni 
1 

,CALCULATION OF X,Y COORDINATES FROM IDX_SWATH (POSITION OF DIGITAL COUNTS) 

subimage-INTARR(num idx swath) OPEN AN INTEGER ARRAY OF SUB IMAGE 
sstaFLTARR(num_idx_swath) I OPEN A FLOATING ARRAY OF SST 

FOR i-O,num_idx_swath-1 DO BEGIN 
x-idx_swath[i]MOD 650 ,CALCULATION OF X COORDINATES 
y-idx_swath[il/650 I CALCULATION OF Y COORDINATES 
subimage(i)-image[idx_swath(i)] 

;CHECKING THE PIXELS WITHIN THE REQUIRED RANGE (EXCLUDING LAND,BORDER,CLOUDS AND 
; ALL TEMP. LESS THAN 16 AND GREATER THAN 32C 
index-WHERE (subimage GT 30 AND subimage GT minva1 AND sub image LE maxva1,ct) 

SST(i)-55.0-(subimage(i)/2.0) I CONVERSION OF DIGITAL COUNTS INTO DEGREES CELSIUS 
;Print,i,x,y,subimage(i),sst(i) 

ENDFOR 

IF ct GE min-pixe1s THEN BEGIN ; A minimum number of good pixels is REQUIRED 
to compute the mean SST 

mean_SST-MEAN(SST(index» 
averages[O,jl-barr(j) ;First column of years 
averages[l,jl-darr{j) ;Second colum of months 
averages[2,jl-mean_SST ;Third column of mean SST 

ENDIF ELSE BEGIN ;if the number of good pixels is less than the 
minimum required then the file is rejected by writing -99.999 

averages(O,j]-barr(j) ;First column of years 
averages[l,jl.darr{j) ;Second colum of months 
averages [2,jl--9999.99 ;Third column of mean SST 

ENDELSE 
I 

ENDIF ELSE BEGIN, if there 
averages [O,jl-barr(j) 
averages [l,jl.darr(j) 
averages[2,jl--9999.99 

ENDELSE 
ENDFOR 

is any missing file. then write -9999.99 
First column of years 
Second column of months 
Third column of mean SST 

;*************************************************************************************;****** 
******************************************************************************* 

;THE FOLLOWING SUBROUTINE ALLOWS TO WRITE THE OUTPUT IN A SPECIFIC OUTPUT FILE. 
I 
For j-O,n images-5,6 DO 
PRINT,averages(O,l,j) ,averages(2,j,j+5) ,format.' (I5,2X,I4,2X,FIO.2,4X,FIO.2,4X,FIO.2,4X,FIO.2 
,4X,F10.2,4X,FIO.2), 
OPENW, luno,out_dir+out_file, IGET_LON/ open an ouput file 
PRINTF,luno, "EXTRACTION OF SST DATA FROM METEOSAT 5-DAYS COMPOSITE 
IMAGES",format.' (5X,A70,1) , 
PRINTF,luno,"CALCULATION OF MONTHLY MEAN SST USING THE SWATH", format.' (5X,A50,1) , 
PRINTF,luno,"IDL PROGRAM WRITTEN BY VIANDA L.L. FILIPE IUCT MSc STUDENT 
(2005/2006) ",format-· (5X,A70,/) ' 
PRINTF,luno,·SUPERVISOR DR. KOBUS AGENBAG (MCM/CAPE TOWN)" ,format-' (10X,A50 , 1) , 
PRINTF,luno, "MEAN METEOSAT SST IV1",format-' (15X,A50,/) , 
PRINTF,luno,start year,start month,start img,format-$ 

'(5X,"START yEAR.",I5,3X,.START MONTH~",I3,3X,·START IMAGE-",I2,5X,/), 
PRINTF,luno,end year,end month,end-img,format-$ -

• (5X,REND_yiAR. R,I5,3X,"END_MONTH.-,I3,3X,REND_IMAGB.·,I2,5X, I)' 
PRINTF, luno, latn, lone, $ 
format-' (5X,"START_LATITUDB.·,F10.4,3X,"START_LONGITUDE.",FIO.4,5X/)· 
PRINTF,luno,lats,lonw,$ 
format-' (5X, REND LATITUDE.",F10.4,5X,"END LONGITUDE.",FIO.4,5X,I) , 
PRINTF,luno,swath_widthl,swath_width2,$ -
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format-' (5X,·SWATH_WIDTHl.·,FlO.4,5X, "SWATH_WIDTH2.·,PlO.4,5X, I)' 
PRINTP,IUDo,minT,mAXT,$ 
format-' (5X,·MINIMUM TEMPBRATURE-·,I4,5X, "MAXIMUM TEMPBRATURE.·,I4,5X,/)' 
;*************************************************************************************;****** 
******************************************************************************* 
; Write mean SST in six according to six composites per month 

Por j-O,n_images-5,6 DO PRINTF,luno,averages(O.I,j), averages(2,j:j+S) ,$; PRINT EIGHT COLUMNS 
IN WHICH THE FIRST,IS THE YEAR, THE SECOND, THE MONTHS AND FROM THE THIRD TO THE EIGHTH, THE 
SST ACCORDING TO THE IMAGES (6 COLUMNS) 
formats' (I5,2X,I4,2X,FIO.2,4X,FlO.2,4X,PIO.2,4X,FlO.2,4X,FIO.2,4X,FlO.2) I 

Close,luno & FRBB_LUN,luno 
END 

£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 

3 CONVERSION OF LONGITUDES AND LATITUDES INTO X,Y COORDINATES 

;IDL PROGRAM WRITTEN BY VIANDA FILIPE 
I UCT MSC STUDENT (2005-2006) 

;******************************************************************************************** 
******************************************************************************* 
start_lat.-5.00 
end_lat--40.00 
start lon-S.OO 
end_lon-40.00 

;Conversion of latitude and longitude into X,Y coordinates 
1 

xdim-S25 
ydim.S25 
ysize-(start_lat-end_latl/ydim 
xsize-(end_lon-start_lonl/xdim 

PRINT,ysize,xsize 
; 

yl.S 
xl-S4 
y2.427 
x2·95 

;******************************************************************************************** 
******************************************************************************* 

latn.start lat-(ysize/2)-yl*ysize 
lats-start=lat-(ysize/2l-y2*ysize 
lone-start lon+(xsize/2l+xl*xsize 
lonw-start=lon+ (xsize/2) +x2*xsize 

Print,Rlatn.·,latn,"lats.",lats,"lone.-,lone,-lonw.",lonw 
I 

,Conversion of geographical coordinates(lat,longl into X,Y Coordinates 
I 
yl.nOUND«(start lat-latl)/ysize)-0.5) 
y2-ROUND«(start-lat-lat2)lysize)-0.S) 
xl.nOUND«(lonl-start lon)/xsize)-O.5) 
x2-ROUND«(lon2-start=lonl/xsizel-0.5l 

Print,·yl.·,yl,·y2.·,y2,·xl.·,xl,·x2.·,x2 
I 
BND 

yl (for latn) 
y2 (for lats) 
xl (for long) 
x2 (for long) 

£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
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4. OUTPUT PIXELS IN A SCANLINE FOR TESTING THE ACCURACY OF THE 
PROGRAM (CASE 2: SEAWIFS CHLOROPHYLL SWATH-MASK) 

;DISPLAY OF CHLOROPHYLL a SWATH MASK FOR TESTING THE ACCURACY OF THE PROGRAM 
;IDL PROGRAM WRITTEN BY-VIANDA L.L. FILIPE /UCT MSc STUDENT (2005/2006)" 
,SUPERVISOR DR. KOBUS AGENBAG (MCM/CAPE TOWN) 
I 
img_dir-'C,\DATA\SBAWIFS-1998-2004-CLlMATOLOGY\' 
1 

img_file.·clim_1998-2004_12.bil· 
1 

out_dir.·C.\Master Thesis\SBAWIFS_FILES\' 
out_file.·clim_1998-2004_120.txt· 
I 
;GEOGRAPHICAL COORDINATES OF THE IMAGE 
start lat .. -5.00 
end_lat--40.00 
start lon-5.00 
end_Ion .. 40.00 
I 
;PIXEL SAMPLES (NUMBER OF COLUMNS), SCAN LINES (NUMBER OF ROWS), Xsize & Ysize 
I 
xdim-825 
ydim-825 
ysize.{start lat-end lat)/ydim 
xsize .. (end_l~n-start=lon)/xdim 

PRINT,ysize,xsize 

;LENGTH OF THE SWATH 
I 

swath_widthl-600 ;km (distance between the coast and the first point offshore) 

arbitrary value obtained from the centre of the region(inverted image), 
values obtained from RDPIX (yl=543;y=649-543=I06) 

xl-84 
x2 .. 85 

Value of the first pixel in the scan line y=I06 
Value of the second pixel in the scan line y=106 

; CONVERSION OF Xl AND X2 INTO LONI AND LON2 

lonl_ start lon+(xsize/2)+xl*xsize 
lon2_ start=lon+(xsize!2)+x2*xsize 

Print,"lonl.·,lonl,nlon2.n ,lon2 
I 
;GEOGRAPHICAL COORDINATES OF A GIVEN REGION (IN THIS CASE,ANGOLA) 
I 

latn .. -S.SO 
lats--17.33 
lone-9.00 
lonw .. lS.OO 
I 
;CONVERSION OF GEOGRAPHICAL COORDINATES (lat, long) INTO X,Y COORDINATES 
I 
yn-ROUND«(start lat-Iatn)!ysize)-O.S) I 

yS .. ROUND«(start-lat-latsl!ysizel-O.Sl 
xe-ROUND«(lone-start lon)!xsize)-O.S) 
xw-ROUND({{lonw-start=lonl!xsizel-O.Sl I 

Print, "yn_",yn, "ys.n,ys, "xe-",xe, "xw-",xw 
I 

yl (for latn) 
y2 (for lats) 
xl (for long) 
x2 (for long) 

;RANGE OF THE CHOLOROPHYLL-A CONCENTRATION (ChI_C) IN ANGOLA 

minChl_C .. O.l mg/cubic meter 
maxChl C .. SO mg/cubic neter 
maxval~(aloglO(maxChl C)+2.0)!O.OlS 
minval-(aloglO(minChl=C)+2.0l!O.015 

(Minimum acceptable Cholorophill_a'concentration) 
(Maximum acceptable chlorophill_a concentration) 

Converting minChl_C into digital count 
Converting maxChl C into digital count 

Print, "maxval=",maxval l "minval=" .. minval 
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min-percent_good-30 Minimum percentage ofgood ChI C required in a swath in order to 
compute the mean_ChI C 
; 
file-path-img_dir + img_file 

OPENR,luni,file-path,/GET_LUN READING THE FIRST IMAGE 
a-ASSOC{luni,BYTARR(xdim,ydim» 
image-a (0) 
CLOSE,luni & FREE_LUN,luni 
1 
y_start-Min([yn,ys]) 
y_end- Max([yn,ys]) 

;MINIMUM VALUE OF LATITUDE 
,MAXIMUM VALUE OF LATITUDE 

; 

swath_mask-BYTARR{xdim,ydim); OPEN A 2 DIMENSIONAL ARRAY OF SWATH MASK 
; 

FOR y-y_start,y_end DO BEGIN 
I 

I CONVERSION OF Y INTO THE CORRESPONDING LATITUDE 
; 

laty- start_lat-(ysize/2)-y*ysize 

;COMPUTATION OF THE PIXEL SIZE USING MAP-2POINTS (LONG BEING CONSTANTS AND LAT, A VARIABLE) 
; 

xdiml mMAP_2POINTS{lonl,laty,lon2,laty,/meters}/10001 XDIMI/IOOO CONVERTING MINTO KM 
I 

idx.where(image[*,y] EQ 253,cnt) ; SEARCH FOR THE FIRST PIXEL AT THE LAND BORDER 
I 

X coast.idx(O) FIRST PIXEL FOUND AT THE COAST (LAND_BORDER) 
x=swath_widthl-ROUND(Float«swath_widthll/(xdiml») I NUMBER OF PIXELS BETWEEN THE 

COAST AND THE FIRST SWATH 

xll-x_coast 
x12-(xll+l)-(x_swath_widthl) 

PRINT,·xll.·,xll,"xl2-",xl2,"y_",y, "xdiml.",xdiml 
; 

I X VALUE OF THE COAST 
X VALUE OF THE FIRST SWATH 

swath_mask[x12Ixll,y]-125 I FILL THE MASK_SWATH WITH 205 
ENDFOR 

,*************************************************************************************,****** 
*********************************************** 
OPENW,luno,out_dir+out_file,/GET_LUN; open an ouput file 
For y-ll,290 DO PRINTF,luno,y,Reverse(image[xl2.xll,y]) 
Close,luno & FREE_LUN,luno 
END 

£££££££££££££££££££££££££££££££££££££££E£££££££E££££££££££££££££££££££££E£E£££E£EEEE££EEEEEEE 
£E£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 

5.DISPLAY OF CLIMATOLOGIES (CHOROPHYLL IMAGES) 

,DISPLAY OF CHLOROPHYLL_a IMAGES FROM SEAWIFS 
;IDL PROGRAM WRITTEN BY VIANDA L.L. FILIPE /UCT MBc STUDENT (2005/2006)" 
;SUPERVISOR DR. KOBUS AGENBAG (MeM/CAPE TOWN) 
1 

img dir-'C:\DATA\SEAWIFS-l998-2004-CLlMATOLOGY\' 
I 

img_file-'clim_l998-2004_12.bil· 
; 
out_dir-'E.\PROJBCT\SEAWIFS_FILES\, 
out_filea ·clim_l998-2004_03.txt' 
I 
;GEOGRAPHICAL COORDINATES OF THE IMAGE 
start_lata -5000 
end_lat--40.00 
start_lonaS.OO 
end_lon-40.00 
; 
;PIXEL SAMPLES (NUMBER OF COLUMNS), SCAN LINES (NUMBER OF ROWS), Xsize « Ysize 
I 

xdim-825 

123 



Univ
ers

ity
 of

 C
ap

e T
ow

n

ydim.82S 
ysize-(start lat-end lat)/ydim 
xsize-(end_lon-start=lonl/xdim 
; 
PRINT,ysize,xsize 
I 
;LENGTH OF THE SWATH 
I 

swath_widthl-300 ;km (distance between the coast and the first point offshore) 

I 
y-I06 arbitrary value obtained from the centre of the region(inverted image) , 

values obtained from RDPIX (yl=543;y=649-543=106) 
xl-84 Value of the first pixel in the scan line y=106 
x2.85 I Value of the second pixel in the scan line y=106 
; 
I CONVERSION OF Xl AND X2 INTO LONl AND LON2 
I 
lonl- start lon+(xsize/2)+xl*xsize 
lon2. start=lon+(xsize/2)+x2*xsize 
I 
Print,"lonl.",lonl,"lon2-",lon2 
I 
;GEOGRAPHICAL COORDINATES OF A GIVEN REGION (IN THIS CASE.ANGOLA) 
I 
latn .. -5.S0 
lats--17.33 
lone-g.OO 
lonw.lS.OO 
I 

;CONVERSION OF GEOGRAPHICAL COORDINATES (lat, long) INTO X,Y COORDINATES 
I 
yn-ROUND«(start lat-latn)/ysize)-O.S) 
yS-ROUND«(start-lat-lats)/ysize)-O.S) 
xe-ROUND«(lone-itart lon)/xsize)-O.5) 
xwmROUND«(lonw-start=lon)/xsizel-O.S) 

yl (for latn) 
y2 (for laU) 
xl (for long) 
x2 (for long) 

,RANGE OF THE CHOLOROPHYLL-A CONCENTRATION (ChI_C) IN ANGOLA 
I 
minChl C-O.l mg/cubic meter 
maxChl-Cz50 mg/cubic neter 

(Minimum acceptable Cholorophill __ a concentration) 
(Maximum acceptable chlorophill_a concentration) 

Converting minChl C into digital count 
Converting maxChl_C into digital count 

maxval~(aloglO(maxChl C)+2.0)/O.OlS 
minval-(aloglO (minChl=C) +2.0)/O.Ol5 
Print,"maxval .. w,maxval,-minval.w,minval 
min-percent_good-30 Minimum percentage of good Chl_C required 

I in a swath in order to compute the mean __ Chl_C 

i***************************************************** ********************************;****** 
******************************************************************************* 
file-path-ims_dir + ims_file 

OPBNR,luni,file-path,/GBT_LON 
a.ASSOC(luni,BYTARR(xdim,ydim» 
image .. a(O) 
CLOSE,luni & FREE_LON,luni 

y start-Min([yn,ys]) 
y=endx Max ( [yn,ys]) 

; READING THE FIRST IMAGE 

,MINIMUM VALUE OF LATITUDE 
;MAXIMUM VALUE OF LATITUDE 

I 
swath_mask-BYTARR(xdim,ydim)/ OPEN A 2 DIMENSIONAL ARRAY OF SWATH MASK 

I 
FOR y-y_start,y_end DO BEGIN 

I 
; CONVERSION OF Y INTO THE CORRESPONDING LATITUDE 
I 
laty .. start_lat-(ysize/2)-y*ysize 
I 

;COMPUTATION OF THE PIXEL SIZE USING MAP-2POINTS (LONG BEING CONSTANTS AND LAT, A ; VARIABLE) 
I 

xdiml_MAP_2POINTS(lonl,laty,lon2,laty,/meters)/lOOOI XDIM1/IOOO CONVERTING MINTO KM 
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; 

idx-where(image[*,yl EQ 253,cnt) I SEARCH FOR THE FIRST PIXEL AT THE LAND BORDER 
I 

x_coast-idx(O) ; FIRST PIXEL FOUND AT THE COAST (LAND BORDER) 
x_swath_width1-ROUND(F1oat«swath_width1l/(xdim1») I NUMBER OF PIXELS BETWEEN THE 

COAST AND THE FIRST SWATH 

ENDFOR 

xl1 .. x coast 
x12.(xI1-1)-(x_swath_width1) 

X VALUE OF THE COAST 
X VALUE OF THE FIRST SWATH 

PRINT,·xll-·,x11,·x12-",x12,·y_",y, "xdim1.",xdiml 
I 

swath_mask[xl2.xll,y]-125 I FILL THE MASK SWATH WITH 205 

;*************************************************************************************.****** , , 
******************************************************************************* 
I 
idx_swath_WHERE(swath_mask EQ 125,num_idx_swath); CHECKING 125 ASSIGNED TO THE MASK 
I 

min-pixels-ROUND«min-percent_good/100.0)*num_idx_swath) 

OPENR,luni,fi1e-path,/GET_LON 
a-ASSOC(luni,BYTARR(xdim,ydim» 
:l.mage-a(O) 
CLOSE,luni & FREE_LON,luni 
; 

sub:l.mage-INTARR(num_idx_swath) 
Ch1_C-FLTARR(num_idx_swathl 

FOR iaO,num_idx_swath-1 DO BEGIN 
x-idx_swath[i]MOD 825 
yaidx swath[i]/825 
sub:l.mage(i)-:l.mage[idx_swath(i)] 
I 

;CHECKING THE PIXELS WITHIN THE REQUIRED RANGE AND EXLUDING CLOUDS,LAND AND LAND_BORDER 
I 
index-WHERE (subimage LT 253 AND sub:l.mage GT minva1 AND sub:l.mage LE maxva1, ct) 
I 
;CONVERSION OF DIGITAL COUNTS INTO ChI C 
I 
Chl_C(i)_10A(0.015*sub:l.mage(i)-2.0) 
I 

I Print,i,x,y,sub:l.mage(i),Chl_C(i) 
ENDFOR 

1*************************************************************************************;****** 
******************************************************************************* 
;THE FOLLOWING SUBROUTINE ALLOWS TO DISPLAY MORE THAN ONE IMAGE (QUICKLOOK) WITH THE 
;RESPECTIVE HISTOGRAM 

Wnum-ID.Window+1 
IORDER .. 1 
DEVICE,DECOMPOSED - 0 
wnum_O 
WINDOW,wnum,Xs!ze-xdim,Ysize-ydim,tit1e-img_fi1e 
LOADCT,13 
TV, image 
PLOTS, [84,167], [824,824],COLOR-12,/DEVICE 
PLOTS, [100,176], [786,786],COLOR_12,/DEVICE 
PLOTS, [100,145], [786,786],COLOR-12./DEVICE 
PLOTS, [160,196], [737,737],COLOR .. 12,/DEVICE 
PLOTS, [192,206], [670,670],COLOR-12,/DEVICE 
PLOTS, [150.167], [588,588],COLOR.12,/DEVICE 
PLOTS, [116,157], [568,568],COLOR .. 12,/DEVICE 
PLOTS, [123,158], [534,534],COLOR-12,/DEVICE 

;*************************************************************************************;****** 
******************************************************************************* 

PLOTS, [84,100], [824,787],COLOR-12,/DEVICE 
PLOTS, [145,160], [786,737],COLOR .. 12,/DEVICE 
PLOTS, [160,192], [737,670],COLOR-12,/DEVICE 
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PLOTS, [150,192], [588,670],COLOR-12,/DEVICB 
PLOTS, [116,150],[568,588],COLOR-12,/DEVICB 
PLOTS, [116,123J, [568,534],COLOR-12,/DEVICB 
PLOTS, [100,128], [787,670],COLOR-12,/DEVICB 
PLOTS, [81,128J, [534,670],COLOR-12,/DEVICB 
PLOTS, [81,123], [534,534],COLOR.12,/DEVICB 

;*************************************************************************************;****** 
******************************************************************************* 

str1-"SBAWIPS Chl a CONCENTRATIONft 
XYOUTS,420,695,str1,DEVICB-1,CHARSIZB-2,CHARTHICK_2.0,COLOR_O,ALIGNMENT-O.5 
str2-"DBCEMBER" 
XYOUTS,420,665,str2,DEVICB-1,CHARSIZE-2,CHARTHICK-2.0,COLOR-O,ALIGNNENT.O.5 
str3-["LUANDA",ftWALVIS_BAY·,"CAPE COLUMBINE"] 
XYOUTS,193,729,str3(O),DEVICE-l,CHARSIZE-1,CHARTHICK-2.0,COLOR-75,ALIGNNENT-O.O 
XYOUTS,210,433,str3(1),DEVICE-l,CHARSIZB-1,CHARTHICK-2.0,COLOR-75,ALIGNNENT.O.O 
XYOUTS,309,163,str3(2),DBVICE-l,CHARSIZB-1,CHARTHICK.2.0,COLOR-75,ALIGNNENT-O.O 
lats--40.0 
1atn--5.0 
lonw-5.0 
lone-40. 0 
MAP_SET,LIMIT-[lats,lonw,latn,lone],POSITION-[O.O,O.O,l.O,1.0],/NOBRASB,/NOBORDBR 

MAP_GRID,LATDBL-5,LONDEL-5,/LABBL,GLINESTYLB-O,LATLAB-lonw+O.3,LONLAB-lats+O.3,CHARSIZE-1.4,C 
OLOR-O 

MAP_GRID,LATDEL-l,LONDBL-1,COLOR-O,GLYNESTYLE_1 , 
LOADCT,13 
TVLCT,l50,l50, 50,254 

RDPIX,image 
;******************************************************************************************** 
******************************************************************************* 
/image2-TVRD(O,O,TRUE-3) 
,WRITE JPBG, "C./MASTER THESIS/ANGOLA BENGUELA FRONT CHL A/clim 1998-
2004_l2.jpg/R,image2,TRUB-3,QUALITY.IOO,ORDER-l - - -
/I 

E~ 

£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 

6.MEAN-SST IS COMPUTED FROM EACH SCAN LINE (ABFZ) 
;IDL PROGRAM USED TO COMPUTE MEAN-SST FOR THE ANGOLA BENGUELA FRONT 
;IDL PROGRAM WRITTEN BY VIANDA L.L. FILIPE /UCT MSc STUDENT (2005/2006)" 
;SUPERVISOR DR. KOBUS AGENBAG (MCM/CAPE TOWN) 
; 

img_dir.'C:\DATA\METBOSAT_MONTHLY_COMPOSITES\' 
img_strm'·.sst' 
; 

out_dir.'C:\Master Thesis\BL_NINO\' 
out_file-'METEOSAT_SST 1995.txt' 
I 
;STARTING AND E~ING TIME (YEAR,MONTH & IMAGES) 
start_year-1995 
end-year-l995 
start_month-l 
end_month-l2 
start_img.1 
end_~g-1 

1 
;GEOGRAPHICAL COORDINATES OF THE IMAGE 

start_lat--S.OO 
end_lat--40.00 
start_lon-5.00 
end_lon.40.00 

;Pixel Samples (nber of columns), Scan lines (nber of rows), Xsize & Ysize 
I 
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xdim-650 
ydim-650 
ysize-(start_lat-end_latl/ydim 
xsize-(end_lon-start_lon)/xdim 

PRINT,ysize,xsize 
I 
;Lentgh of the swath 
I 

swath_widthl-60 ;km (Distance between the coast and the first point offshore) 

I 

y-106 obtained from the centre of the region,values 
obtained from RDPIX (yl=543;y=649-543=106) 
Value of the first pixel in the scan line y=106 
Value of the second pixel in the scan line y=106 

; CONVERSION OF Xl AND X2 INTO LONGITUDE 1 AND LONGITUDE 2 

lonl- start lon+(xsize/2l+xl*xsize 
lon2- start=lon+(xsize/2)+x2*xsize 
I 

Print,"lonl-",lonl,"lon2_·,lon2 
I 
;GEOGRAPHICAL COORDINATES OF A GIVEN REGION (In this case: Angola) 
I 
latn--10 
lats--19 
I 
;CONVERSION OF GEOGRAPHICAL COORDINATES OF THE REGION (lat, long) into X,Y COORDINATES 
I 

yn-ROUND«(start_lat-latnl/ysize)-O.5) I 

ys-ROUND«(start_lat-latsl/ysize)-O.5) I 

yl (for latn) 
y2 (for lats) 

Print, Ryn_",yn, Rys_",ys 
I 

lTEMPERATURE RANGE ACCEPTABLE IN ANGOLAN WATERS 
I 
minT-12 I minimum temperature 
maxT-32 I maximum temperature 
;CONVERSION OF TEMPERATURES(DECIMAL) INTO DIGITAL NUMBERS (DN) 
I 
minval-2*(55-maxT) 
maxval-2*(55-minT) 
min-percent_90od-50 ; MINIMUM PERCENTAGE OF GOOD SST REQUIRED IN A SWATH 

;*************************************************************************************;****** 
******************************************************************************* 
n-12*«end-year)-(start-year)+1) ;TOTAL NUMBER OF BINARY FILES 
Print,n I number of files 
arr-STRARR(n) 
darr-INTARR(n) 
barr-INTARR(n) 
numfile--l 
MODE- 2 

; THE FOLLOWING SUBROUTINE ALLOWS TO LIST ALL BINARY FILES 
FOR year-start_year,end_year DO BEGIN 

str-year-STRTRIM(string(year),2) 
IF MODE EQ 1 THEN BBGIN 

IF year GT start_year THEN BEGIN 
sm-l 
em-12 

IF year EQ end-year THEN BEGIN 
sm-l 
em-and_month 

ENDIF 
ENDIF ELSE BEGIN 

sm-start month 
em-12 

ENDBLSE 
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ENDFOR 
Print,arr 

ENDIF BLSB BEGIN; mode 2 
sm"start_month 
em-end_month 

ENDBLSE 

FOR month-sm,em DO BBGIN 
numfile-numfile+l 

IF month GT 9 THEN BEGIN 
str_month"STRTRIM(string(month),2) 

ENDIF ELSE BEGIN 
str_month,,'O'+ STRTRIM (string (month) ,2) 

ENDELSE 

ENDFOR 

img str.'b'+ str year + str_month +'.sst' 
ar~(numfile)"tme str 
barr[numfileJ=year 
darr[numfile]-month 

,.*************************************************************************************~****** , , 

****************************************************************************** 

!mg_str-img_dir+'*.sst' 
img_list-FINDFILE(!mg_str,count-num_img) 
; 

file-path-img_dir + arr(O) 
OPENR,luni,file-path,/GET_LUN ; READING THE FIRST IMAGE 
a=ASSOC(luni,BYTARR(xdim,ydim» 
image-a (0) 
CLOSE,luni & PREE_LUN,luni 
; 

y_start-Min([yn,ys]l; COMPUTE THE MINIMUM LATITUDE AS THE STARTING LAT 
y_end- Max ( [yn,ys]) I COMPUTE THE MAXIMUM LATITUDE AS THE ENDING LAT 

swath_arr-INTARR(3,numrows+l) 
yi .. -l 
I 
POR yay start,y end DO BEGIN 
yiayi+l- -

; CONVERSION OF Y INTO THE CORRESPONDING LATITUDE 

latya start_lat-(ysize/2)-y*ysize 
; 

;COMPUTATION OF THE PIXEL SIZE USING MAP-2pOINTS (LONGITUDES LONl & LONG2 ARE CONSTANTS $ AND 
LATITUDE, A VARIABLE VARYING BETWEEN START_LAT AND END_LATJ 

; 
xdimlaMAP_2POINTS(lonl,laty,lon2,laty,/metersl/lOOO; XDIM1!lOOO CONVERTING MINTO KM 
I 
idxawhere(image[*,yl EQ 29,cnt) 

x._coast .. idx(O) I FIRST PIXEL FOUND AT THE COAST (BORDER) 
x_swath_widthl-ROUND(Float«swath_widthll/(xdiml») I NUMBER OF PIXELS BETWEEN THE 

COAST AND THE FIRST SWATH 

xll-x coast-l 
xl2,,(xll+l)-(x_swath widthl) 

; X VALUE OF THE COAST 
; X VALUE OF THE FIRST SWATH 

PRINT,y,.xll .. ·,xll,·xl2.",x12,"xdiml-",xdiml,"x_swath_widthl,,·,x_swath_widthl 
; 
swath_arr(*,yi)-[y,xll,x12] ,STORING ALL Y COORD. AND THE CORRESPONDING XLl AND XL2 

INTO SWATH ARR 
I 

ENDFOR 

128 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Print,swath_arr 
; 

;*************************************************************************************;****** 
******************************************************************************* 
J 

min-pixels-ROUND«min-percent_good/100.0)* x_swath_widthl) 
Print,min-pixels 
n_images-numfile 

J 

FOR j-O,n_images DO BEGIN I PROCESSING OF ALL IMAGES 
file-path-img_dir + arr(j) 
index-WHERE(img_list EQ file-path,count); CHECK ANY MISSING IMAGE 
I 

IF count NE 0 THEN BEGIN 

OPENR,luni,file-path,/GET_LUN 
a-ASSOC(luni,BYTARR(xdim,ydim» 
image-a (0) 
CLOSE,luni & FREE_LUN,luni 

averages-FLTARR(2,numrows) 
; 

HOW TO FIND THE CORRESPONDING IMAGE VALUES FROM Y AND XLl AND XL2 

FOR i-O,numrows-l DO BEGIN 

y-swath arr[O,i] 
xll-swath_arr[l,i] 
x12-swath_arr[2,i] 
; 
SUB IMAGE a image [x12:xll,y] 
;Print,y,subimage 
idx-WBERE (SUBIMAGE GT 30 AND SUB IMAGE GT minval AND SUB IMAGE I.E maxval,ct) I ;EXCLUDE 

ALL CLOUDS,BORDER, LAND AND ALL DN OUTSIDE THE TEMP. RANGE SPECIFIED FOR ANGOLA 
SST-S5.0-(SUBIMAGE/2.0) 

I 

I 
IF ct GE min-pixels THEN BEGIN I A minimum number of good pixels is REQUIRED to 

compute the mean SST 
mean_SST-MEAN(SST(idx» 
averages[O,il-swath_arr[O,il 
averages[l,il-mean_SST 

;First column of scan lines 
;Second column of mean SST 

ENDIF ELSE BEGIN ;if the number of good pixels is less than the minimum required 
than the file is rejected by writing -99.999 

averages [O,il-swath_arr[O,il ;First column of scan lines 
averages[l,il--9999.99 ;Second column of mean SST 

ENDELSE 

ENDFOR 

ENDIF ELSE BEGIN 

ENDBLSB 
;THE FOLLOWING SUBROUTINE ALLOWS TO WRITE THE OUTPUT IN A SPECIFIC OUTPUT FILE. 
PRINTF,luno,arr(j) 
PRINTF, luno, averages 
I 
BNDFOR 

1***************************************************** *****************************~**;****** 

********************************************* 
I 
Close,luno & PRBB_LUN,luno 
END 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
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7 CREATE A BINARY FILE FOR CONVERSION OF INDICES(825X825) TO 
INDICES (625X625) 

IDL PRG FOR CONVERTING INDICES (825X8250) TO INDICES (650X650) 
; IDL PRG WRITTEN BY VIANDA FILIPE, UCT MSC STUDENT (2005-2006) 
; SUPERVISOR, DR JACOBUS J. AGENBAG 
dir_name.·C,\CLUSTER_l\CONGO PLUME\PLUME_METEOSAT_SST\FAROFFSHORE_PLUME\' 
file name-'FAROFFSHORE.BIN' 
out_dir-'C,\CLUSTER_l\CONGO PLUME\PLUME_METEOSAT_SST\FAROFFSHORE_PLUME\' 
out_file. 'FAROFFSHORE_XY. txt' 
I 
xdilll .. 650 
ydilll-650 
I 

funcl_dir.'C,\CLUSTER_I\CLUSTER IDL PRG\' 

CD,funcl dir,CURRENT"clusterdir ;Change directory and call the function "osort" 
RESOLVE_ROUTINE,'BSORT',/IS_FUNCTION 
CD,clusterdir 

clus_arr-LONARR(825) I 825 is the number of pixels 
OPENR,luni,dir_name+file_name,/GET_LUN 

READU,luni,clus_arr I read the binary file 
CLOSE,luni & FREE_LUN,luni 
I 

I 
print,clus_arr 

N_arr-clus_arr[UNIQ(clus_arr,BSORT(clus arr»ll to avoid duplication of pixels, the function 
"uniq" is used after sorted the array. 

idx_swath-N_arr 
num idx swath-N_ELEMENTS(idx_swath); number of pixels after sorting and applied ·Uniq" 

Print,idx_swath,num_idx_swath 
I 

OPENW,luni,out_dir+out_file,/GET_LUN 

For i-O,num_idx_swath-l DO BEGIN I compute the number of pixels 
x-idx swath(i)MOD 650 
y-idx=swath(il/650 

PRINTF,luni,i,x,y,idx_swath(i) 
ENDFOR 
CLOSE,luni & FREE_LUN,luni 
END 

£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 

8 CLUSTER PROGRAMME: COMPUTATION OF MEAN CHL A IN COASTAL 
SUBREGION 
I 
;EXTRACTION OF CHLOROPHYLL_a DATA FROM SEAWIFS IMAGES 
;CALCULATION OF MONTHLY MEAN CHLOROPHYLL a" 
;IDL PROGRAM WRITTEN BY VIANDA L.L. FILIPE /UCT MSc STUDENT (2005/2006)" 
;SUPERVISOR DR. KOBUS AGENBAG (MCM/CAPE TOWN) 

illlg_str .. • ... bil· 
I 
out_dir.·C,\CLUSTER_l\SEAWIFS CEL\' 
out_file-·COASTAL_SUBREGION_MEAN.txt' 
out_filel-·COASTAL_SUBREGION_XY.txt· 
I 
;STARTING AND ENDING TIME(YEAR,MONTH & IMAGES) 
start_year-1998 
endYEllI.r-2004 
start_lIIonth-l 
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end_month .. 12 
start_img .. l 
end_iIII9'-l 
1 

;GEOGRAPBXCAL COORDXNATES OF THE rMAGB 
start_lat .. -5.00 
end_lat--40.00 
start_lon-5.00 
end_lon-40.00 
; 

;PXXEL SAMPLES (NUMBER OF COLUMNS), SCAN LINES (NUMBER OF ROWS), Ksize & Ysize 
I 

xdim-S25 
ydim-S25 
ysize-(start lat-end lat)/ydim 
xsize-(end_lon-start=lon)/xdim 

PRXNT,ysize,xsize 
; 

;LENGTH OF THE SWATH 
; 

swath_widthl- 70 
swath_width2 .. 300 
swath_width3-103 

;km (distance between the coast and the first point offshore) 
;km (distance between the first point and 2nd point offshore) 
;km (distance between the coast and the first point offshore) 

y .. l06 arbitrary value obtained from the centre of the region (inverted image), 
values obtained from RDPIK (yl=543;y=649-543=106) 

xl.S4 
x2.S5 

I Value of the first pixel in the scan line y=106 
Value of the second pixel in the scan line y=106 

I 
; CONVERSION OF Xl AND K2 XNTO LONl AND LON2 

lonl- start 10n+(xsize/2)+xl*xsize 
10n2- start=10n+(xsize/2)+x2*xsize 

Print,Rlonl.·,lonl,"10n2. n ,lon2 
1 

;GEOGRAPHICAL COORDINATES OF A GIVEN REGION (IN THIS CASE: ANGOLA) 
I 
;REGION II-A 
latn.-6.7606l 
lats--7.14242 
;REGION II-B 
latnl--7.l4242 
latsl--8.71212 
;REGION II-C 
latn2--8.71212 
lats2 .. -17.36157 
10ne-9.00 
10nw-15.00 
I 

;CONVERSION OF GEOGRAPHICAL COORDINATES (lat, long) INTO X,Y COORDINATES 
I 
yn-ROUND«(start 1at-1atn)/ysize)-O.5) 
yS-ROUND«(start-1at-1atsl/ysize)-0.5) 
xe-ROUND«(lone-;tart 10n)/xsize)-0.5) I 

xw-ROUND«(10nw-start=10n)/xsize)-0.5) I 

yn1-ROUND«(start lat-1atnl)/ysize)-0.5) 1 

ysl-ROUND«(start=lat-latsl)/ysizel-O.5) ; 
I 

yn2-ROUND«(start lat-latn2)/ysize)-0.5) I 

ys2-ROUND«(start=lat-lats2)/ysize)-0.5) I 

Print,"yn.",yn,·ys.",ys, "xe-",x6, "xw.",xw 
; 

yl 
y2 
xl 
x2 

(for latn) 
(for lats) 
(for long) 
(for long) 

y3 (for latn) 
y4 (for lats) 

y4 (for latn) 
y5 (for lats) 

;RANGE OF THE CHOLOROPHYLL-A CONCENTRATION (Chl_C) IN ANGOLA 
I 
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minChl_C.O.l 
concentration) 
maxChl_C-50 
concentration) 
maxval-(aloglO(maxChl C)+2.0)/0.015 
minval-(alog10 (minChl=C) +2.0)/0.015 
Print,"maxval-",maxval,"minval.",minval 
min-percent_good-30 ; Minimum percentage 
compute the mean_Chl_C 
1 
n-l2*«end-year}-(start_year)+1} 
Print,n ; number of files 
arr .. STRARR(n) 
darr .. INTARR(n) 
barr_INTARR(n) 
numfile--l 
MODE. 2 

mg/cubic meter (Minimum acceptable Cholorophi1l_a 

mg/cubic neter (Maximum acceptable chlorophill_a 

Converting minChl C into digital count 
Converting maxChl_C into digital count 

ofgood Chl C required in a swath in order to 

;******************************************************************************************** 
******************************* 
,THE POLLOWING SUBROUTINE ALLOWS TO LIST ALL BINARY FILES 
FOR year-start_year,end_year DO BEGIN 

str_year-STRTRIM(string(year},2) 
IF MODE EQ 1 THEN BEGIN 

IP year GT start-year THEN BEGIN 
sm .. 1 
em-12 

IP year EQ end-year THEN BEGIN 
sm-1 
em-end month 

ENDIP 
ENDIF ELSE BEGIN 

ENDELSE 

sm .. start_month 
em-12 

ENDIF ELSE BEGIN, mode 2 
sm-start_month 
em .. end_month 

ENDELSE 

POR month-sm,em DO BEGIN 
numfile-numfile+l 

ENDFOR 

IP month GT 9 THEN BEGIN 
str_month-STRTRIM(string(month) ,2) 

ENDIF ELSE BEGIN 
str_month .. 'O'+ STRTRIM(string(month} ,2) 

ENDELSE 
img_str"'chl'+ str_year + str_month +'.bil' 
arr(numfile)-img_str 
barr[numfilel-year 
darr[numfile] .. month 

ENDFOR 
Print,arr 
;*************************************************************************************;****** 
******************************************************************************** , 
img str-img dir+'*.bil' 
img=list-FINDFILE(img_str,count-num_img) 
; 
file-path-img_dir + arr(O) 

OPENR,luni,file-path,/GET_LUN 
a-ASSOC{luni,BYTARR(xdim,ydim» 
image-a (0) 
CLOSE,luni & FREE_LUN,luni 
I 
y_start-Min([yn,ys]) 
y_end- Max([yn,ys]) 
I 
yl_start-Min([ynl,ysl]) 

READING THE FIRST IMAGE 

;MINIMUM VALUE OF LATITUDE 
;MAXIMUM VALUE OF LATITUDE 

;MINIMUM VALUE OF LATITUDE 
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yl end- Max([ynl,ysl]) 
I 

;MAXlMUM VALUE OF LATITUDE 

y2_start-Min([yn2,ys2]) 
y2_end- Max([yn2,ys2]) 
I 

;MINlMUM VALUE OF LATITUDE 
;MAXlMUM VALUE OF LATITUDE 

;FIRST LOOP FOR THE SUBREGION II B 
I 

swath_2a_mask-BYTARR(xdim,ydim), OPEN A 2 DIMENSIONAL ARRAY OF SWATH MASK 
FOR y-y_start,y_end DO BEGIN 

I 
; CONVERSION OF Y INTO THE CORRESPONDING LATITUDE 

laty- start_lat-(ysize/2)-y*ysize 
I 

;COMPUTATION OF THE PIXEL SIZE USING MAP-2POINTS (LONG BEING CONSTANTS AND LAT, A VARIABLE) 
; 
xdiml-MAP_2POINTS(lonl,laty,lon2,laty,/meters)/lOOO; XDIM1/1000 CONVERTING MINTO KM 
1 
idx-where(im.age[*,y] EQ 253,cnt) ; SEARCH FOR THE FIRST PIXEL AT THE LAND._.BORDER 
I 
x_coast-idx(O) I FIRST PIXEL FOUND AT THE COAST (LAND_BORDER) 
x_swath_widthl-ROUND(Float«swath_widthl)/(xdiml») ; NUMBER OF PIXELS BETWEEN THE 

COAST AND THE FIRST SWATH 
x_swath_width2-ROUND(Float«swath_width2)/(xdiml») 

ENDFOR 

I I 
xll .. x_coast 
x12-(xll-l)-{x_swath widthl) 
x13-(x12+1)-(x_swath_width2} 

; X VALUE OF THE COAST 
X VALUE OF THE FIRST SWATH 

PRINT,ny.·,y,·xll.·,xll,·x12. n,x12,xll,·x13.·,x13,·xdiml.·,xdiml 
I 
swath_2a_mask[x13:x12,y}-205 ; FILL THE MASK SWATH WITH 205 

;*************************************************************************************;****** 
******************************************************************************* 

;SECOND LOOP FOR THE SUBREGION II B 

swath_2b_m.ask-BYTARR(xdim,ydim)/ OPEN A 2 DIMENSIONAL ARRAY OF SWATH MASK 
FOR yl-yl_start,yl_end DO BEGIN 

I 
; CONVERSION OF Y INTO THE CORRESPONDING LATITUDE 
I 

latyl- start_lat-(ysize/2)-yl*ysize 
I 

;COMPUTATION OF THE PIXEL SIZE USING MAP-2POINTS (LONG BEING CONSTANTS AND LAT, A VARIABLE) 
; 

xdim2-MAP_2POINTS(lonl,latyl,lon2,latyl,/meters)/lOOO; XDIM1/1000 CONVERTING MINTO KM 
I 

idxswhere (illlAge [*,yl] EQ 253,cnt) ; SEARCH FOR THE FIRST PIXEL AT THE LAND BORDER , 
x coast-idx(O) ; FIRST PIXEL FOUND AT THE COAST (LAND_BORDER) 
x=swath_widthl-ROUND(Float«swath_widthl)/(xdim2») ; NUMBER OF PIXELS BETWEEN THE 

COAST AND THE FIRST SWATH 
x_swath_width3-ROUND(Float«swath_width3)/(xdim2») 

BNDFOR 

x14 a x_coast 
x15-(x14-1)-(x swath widthl) 
x16-(x15+1)-(x=swath=width3) 

1 X VALUE all' THE COAST 
I X VALUE OF THE FIRST SWATH 

PRINT,"yl_R,yl,"x14_ R,x14,"x15_",x15,"x16_R,x16,Rxdim2_",xdim2 
I 

swath_2b_m&sk[x16.x15,yll-205 I FILL THE MASK SWATH WITH 205 

;******************.***********************.******************************************;****** 
********.*.*********.******************.*.*.*********************************** 

;THIRD LOOP FOR THE SUBREGION II C 

133 



Univ
ers

ity
 of

 C
ap

e T
ow

n

swath_2c_mask-BYTARR(xdim,ydim); OPEN A 2 DIMENSIONAL ARRAY OF SWATH_MASK 
; 

FOR y2-y2_start,y2_end DO BEGIN 
I 
I CONVERSION OF Y INTO THE CORRESPONDING LATITUDE 
I 

laty2. start_lat-(ysize/2)-y2*ysize 
I 

;COMPUTATION OF THE PIXEL SIZE USING MAP-2POINTS (LONG BEING CONSTANTS AND LAT, A VARIABLE) 
I 
xd~.MAP_2POINTS{lonl,laty2,lon2,laty2,/metersl/lOOOI XDIM1/IOOO CONVERTING MINTO KM 
; 

idxswhere(image[*,y2] EQ 253,cnt) I SEARCH FOR THE FIRST PIXEL AT THE LAND BORDER 
; 
x coast-idx(O) I FIRST PIXEL FOUND AT THE COAST (LAND_BORDER) 
x=swath_width3sROUND(Float«swath_width3)/(xdim3») NUMBER OF PIXELS BETWEEN THE 

COAST AND THE FIRST SWATH 

x17-x coast 
xlS-(i17-ll-(x_swath width3) 
p s x17-xlS 

X VALUE OF THE COAST 
X VALUE OF THE FIRST SWATH 

PRINT,·y2-·,y2,·x17.·,xl7,·xlS.",xlS,·p.·,p,"xdimJ.·,xdimJ 
I 
swath_2c_mask[xlS,x17,y2]-205 I FILL THE MASK SWATH WITH 205 

ENDFOR 
;*******************************************************************************************. 
******************************************************************************* 
;;idx_land.where(image EQ 253 OR image EQ 254,num_idx_land) 
I I image (idx_land)-swath_mAsk(idx_land) 
II 
idx_land.WHERE (image EQ 254,num_idx_landl 
idx_border-WHERE(image EO 253,num_idx_border) 
swath_mask. [swath_2a_mask+swath_2b_mask+swath_2c mask] 
swath_mask[idx_landl-l50 
swath_mAsk[idx_border]-200 

Print,"num idx land.",num idx_land,Rnum_idx_border.·,num_idx_border 
1 
10RDER-l 
wnum-ID.WINDOW+l 
WINDOW,wnum,XSIZE.xdim,YSIZE-ydim 
TVSCL,swath_mask > 100 < 255 
TV,swath_mask 

;*********************************************************.********************************** 
******************************************************************************* 
1 
idx_swathl-WHERE(swath_2a_m&sk EO 205,num_idx_swathl)I CHECKING 205 ASSIGNED TO THE MASK 
idx_swath2aWHERE(swath_2b_m&sk EO 205,num idx swath2); CHECKING 205 ASSIGNED TO THE MASK 
idx swath3-WHERE(swath 2c mask EO 205,num-idx-swath3)I CHECKING 205 ASSIGNED TO THE MASK 
idx=swath.[idx_swathl,ldx=swath2,idx_swath3] -
num idx swath-N ELEMENTS (idx swath) 
;idi_swath-WHERB(swath_mAsk_COpy EQ 205,num_idx_swath) 

Print,num_idx_swathl,num_idx_swath2,num_idx_swath3,num_idx swath 
IPrint,num_idx_swath 
I 
min-pixels-ROUND«min-percent_good/100.0)*num_idx_swath) 
Print,min-pixels 
; 
;computation of the Mean Chl C excluding cloud and bad Chl C 
I 
n images-numfile 
a;erages-FLTARR(3 ,n_images+l) 
; 
FOR j-O,n_images DO BEGIN 

file-path-img_dir + arr(j) 
Process all the images 
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idx-where(img_list EO file-path,countl, checking the missing files 
I 

IP count HE 0 THEN BEGIN, only if there is no missing files 
OPENR,luni,file-path,/GET_LON 
a-ASSOC(luni,BYTARR(xdim,ydim» 
image-a(Ol 
CLOSE,luni & PREE_LON,luni , 

,COMPUTATION OF X.Y COORDINATES FROM IDX_SWATH (GEOGRAPHICAL POSITION OF THE 
;DIGITAL COUNTS CORRESPONDING TO THE Chl_C) 

OPENW,luno,out_dir+out_filel,/GET_LON; 
subimage-INTARR(num_1dx_swath} 
Chl_C-PLTARR(num_idx_swath) 

POR i-O,num_idx_swath-l DO BEGIN 
x-idx swath[1]MOD 825 
y.idx-swath[il/825 
subimage(i}-image[idx_swath(i)] 
I 
,CHECKING THE PIXELS WITHIN THE REQUIRED RANGE AND EXLUDING CLOUDS,LAND AND 

LAND BORDER 

index-WHERE (subimage LT 253 AND sub image GT minval AND sub image LE maxval,ct) 
I 

;CONVERSION OF DIGITAL COUNTS INTO Chl C 
I 
Chl_C(i).lOA(0.Ol5*subimage(i)-2.0) 
I 
PRINTF,luno,i,x,y,subimage(i),Chl_C(i) 

ENDFOR 
Close,luno & FREE_LON,luno 

I 
IF ct GE min-pixels THEN BEGIN 

REQUIRED IN ORDER TO COMPUTE THE MEAN Chl C 
mean_Chl_C-MEAN(Chl_C(1ndex» 

EXLUDING ALL BAD VALUES (LAND, CLOUDS, BORDER AND ALL 
averages[O,jl-barr(j) 
averages[l,jl-darr(j) 
averages [2,j)-mean_Chl_C 

ENDIP ELSE BEGIN 
averages [O,jl-barr(j} 
averages [l,jl-darr(j) 
averages [2,jl--9999.99 

ENDEt.SE 
I 

I A MINIMUM NUMBER OF GOOD PIXELS IS 

COMPUTATION OF THE MEAN_Chl_C 
0.1> Chl_C > 50mg/m3 ) 

First column of years 
Second colum of months 
Third column of mean ChI C 

;First column of years 
,Second colum of months 
;Third column of mean Chl C 

ENDIF ELSE BEGIN if there is any 
averages[O,jl-barr(j) 

missing file, then write -9999.99 
, First column of years 

averages [l,jl-darr(j) 
averages[2,jl--9999.99 

ENDELSE 
ENDFOR 

; Second column of months 
; Third column of mean ChI C 

;*************************************************************************************;****** 
******************************************************************************* 
I 
Por j-O,n images DO PRINT,averages(Oll,j) ,averages (2,j) ,formata' (I5,2X,I4,2X, PlO.2)· 
OPENW,lun~,out_dir+out_file,/GET_LON; open an ouput file 
PRINTP,luno, "EXTRACTION OF CHROROPHY~L a DATA PROM SBAWIPS MONTHLY COMPOSITE 
IMAGES·, format .. ' (5X,A70,/l' -
PRINTP,luno, "CALCULATION OP MONTHLY MEAN CHLOROPHYLL-A USING A SWATH",format-' (5X,A70,/) , 
PRINTP,luno,"IDL PROGRAM WRITTEN BY VIANDA L.L. PILIPE /UCT MSc STUDENT 
(2005/2006l",format-' (5X,A70,/l' 
PRINTP,luno, "SUPBRVISOR DR. KOBUS AGENBAG (MCM/CAPE TOWN)" ,format.' (lOX,A50,/)' 
PRINTP,luno,"MBAN SBAWIPS CHLOROPHYLt._a CONCENTRATION-,format-· (l5X,A50,/), 
PRINTF,luno,start-year,start_month,start_img,format-$ 

'(5X,·START_YBAR.-,I5,3X,-START_MONTHa·,I3,3X,·START_IMAGB.-,I2,5X,/)' 
PRINTF,luno,end year, end month,end img,format-$ 

'(5X,"END_yBAR.R,I5,3X,"END_MONTB.",I3,3X,REND_IMAGE.",I2,5X,/) , 
PRINTP,luno,latn,lone,$ 
format.' (5X,·START_LATlTUDE.",PlO.4,3X,·START_LONGlTUDE.",P10.4,5X/)' 
PRINTP,luno,lats,lonw,$ 
format.' (5X,"END_LATITUDB .. ·,FlO.4,5X,"END_LONGITUDE .. ",FIO.4,5X,/)' 
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PRINTF, luno, swath widthl,$ 
format.' (5X,"SWATH_WIDTH1-",Fl0.4,/), 
PRINTF,luno,minChl_C,maxChl_C,$ 
format.' (5X,"MINIMUM CHLOROPBYLL_a-",F12.4,5X, "MAXIMUM CHLOROPBYLL_a_ n ,F12.4,5X,/)' 
; 
I Write mean Chl_C in six according to six composites per month 
; 
For j-O,n_images DO PRINTF,luno,averages(O.l,jl, averages(2,j),$ 
format.' (I5,2X,I4,2X,Pl0.2,4X,Fl0.2), 
Close,luno « FRBB_LON,luno 
END 

££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
££££££££££££££££££££££££££££££££££££££££££££££££££££ 

9 BINARY FILE (l-D FROM CLUSTER PROGRAM) 
; IDL PRG FOR READING THE INDICES RESULTED FROM CLUSTER IMAGES 
; IDL PRG WRITTEN BY VIANDA FILIPE, UCT NSC STUDENT(2005-2006) 
img_dir-'C.\cluster_l\' 
img file-·clus12.bin' 
out=dir-'c.\cluster_l\' 
out file. 'clusl0. txt , 
xdim .. 825 
ydim-825 

lIt is a LONARR( 36, 23280) array where, 
;There are 3 columns for each of 12 clusters. I-D, x- and y-coordinates 
;The number of data values vary from cluster to cluster. 

clus_arr-LONARR(36,23280) 
OPENR,luni,img dir+img file,/GET LON 

READU,luni,clus_arr - -
CLOSE,luni « FREE LON,luni 
clusl2_arr-clus_arr[33.35,*1 
clusll_arr-clus_arr[30.32,*] 
cluslO_arr-clus_arr[27.29,*1 

; 
OPENW,luno,out_dir+out_file,/GBT_LON 
; 
For i.O,3118 DO BEGIN 

x-clusl0_arr(1,i) 
y-clusl0_arr(2,i) 

x-clusl0 arr(O,i)MOD 825 
y-clusl0=arr(O,i)/825 

PRINTF,luno,i,x,y 
ENDFOR 
CLOSE,luno « FREE_LON,luno 
END 

€€€€€€€€€€€€€€€€€€€€€€££££££££££££££££££££££££££££££€£££££££££££££££££££££€££€£€€£€£££€£€££££ 
££££££££££££££££££££££££££££££££€€£€£££€££€€££££££££££££££££££££££££££€££££££££ 

10 Display the CLUSTER image in different colours (RGB) 
; IDL PGR FOR COLOUR TESTS 
; IDL PGR WRITTEN BY Viands Filipa, UCT MSC STUDENT (2005-2006) 
img_dir.·C:\CLUSTER_l\CONGO PLUME \ , 
png file-'clus12 CONGO PLUME.png' 
out-dir-'C.\CLUSTER l\~ 
out-file.·CLUS12SST:txt· 
xdim-825 
ydim-825 
img-path-img_dir+png_file 
Read-png,img-path,cluster_img 

;Create a window 

Wnum-ID.Window+l 

136 



Univ
ers

ity
 of

 C
ap

e T
ow

n

IORDER-O 
DBVICB,DBCOMPOSBD.O 
Wnum-O 
WINDOW,Wnum,Xsize-xdim,Ysize-ydim,title-img-path 
;Diplay a monochrome image using different colours (RGE) 

TV,cluster_img(O,*,*) 
WAIT,5 
TV,cluster_img(l,*,*) 
WAIT,5 
TV,cluster_img(2,*,*) 
WAIT,S 

;Display the image in different colours(RGB) 
I 
ERASE 
TV,cluster_img(O,*,*) ,channel-I 
WAIT,5 
TV,cluster_img(2,*,*),channel=3 
WAIT,5 
ERASE 
TV,cluster_img(1,*,*),channel-2 
WAIT,S 

; REFORM changes the dimension of an array without changing the total number of elements 
; 
imgred-REFORM(cluster img(O,*,*» 
imggrn-REFORM(cluster=img(l,*,*» 
imgble-REFORM(cluster_img{2,*,*» 
I 

;RDPIX,imgred 
IRDPIX,imggrn 
IRDPIX,imgble 
idx_clus02-WHERE{imgred EQ 20 AND imggrn EQ 20 AND imgble EQ 255,CNT_clus02) 
idx_clus07_WHERE(imgred EQ 0 AND imggrn EQ 186 AND imgble KQ 74,CNT_clus07) 
idx_clusl1-WHERE(imgred KQ 252 AND imggrn EQ 107 AND imgble EQ O,CNT_clusl1) 
idx_clus12-WHERE(imgred KQ 252 AND imggrn KQ 43 AND imgble KQ 255,CNT_clus12) 
Print,CNT_clus02 
Print,CNT clus07 
print,CNT=clusll 
Print,CNT_clus12 
;tred-imgred 
1 
KW 

£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 

11 COMPUTATION OF THE CLUSTER INDICES 

;EXTRACTION OF SST DATA FROM METEOSAT IMAGES 
;THE PROGRAM EXTRACTS IWICES FROM CLUSTERS AND COMPUTES 
;THE MONTHLY MEAN SST FOR EACH SUB_REGION 
;IDL PROGRAM WRITTEN BY VIANDA L.L. FILIPE /UCT MSc STUDENT (2005/2006)" 
,SUPERVISOR DR. KOBUS AGENBAG (MCM/CAPE TOWN) 
I 
img_dir-'CI\DATA\METEOSAT_MONTHLY_COMPOSITES\' 
I 
img_stra·*.SST' 
; 
out_dir_'C.\CLUSTER_I\CONGO PLUMB\PLUMB METEOSAT SST\FAROFFSHORE PLUMB\' 
out_filea·FAROFFSHORE_MBAN_SST.TXT' 
I 
out_filela' FAROFFSHORE_SST_XY.TXT , 
; 
,STARTING AND EWING TIME(YEAR,MONTH & IMAGES) 
start-yeara1987 
end-year-2003 
start_montha l 
end_month-12 
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start_img .. l 
end_img-l 
I 
;GEOGRAPHICAL COORDINATES OF THE IMAGE 
start_lat--5.00 
end_lat .. -40.00 
start_lon-5.00 
end_lon .. 40.00 
I 
;PIXEL SAMPLES (NUMBER OF COLUMNS), SCAN LINES (NUMBER OF ROWS), Xsize & Ysize 
I 

xdim-650 
ydim .. 650 
ysize-(start lat-end lat)/ydim 
xsize-(end_lon-start=lon)/xdim 
I 
PRINT,ysize,xsize 
; 
,LENGTH OF THE SWATH 
I 

swath_widthl-370 ;km (distance between the coast and the first point offshore) 
I 
y .. 106 arbitrary value obtained from the centre of the region(inverted image), 

values obtained from RDPIX (yl=543;y=649-543=106) 
xl .. 84 
x2-85 

I Value of the first pixel in the scan line y=106 
Value of the second pixel in the scan line y=106 

; CONVERSION OF Xl AND X2 INTO LONl AND LON2 

lonl- start lon+(xsize/2)+xl*xsize 
lon2 .. start=lon+(xsize/2)+x2*xsize 

Print, ft lonl_ ft ,lonl, ft lon2_",lon2 
1 

;GEOGRAPHICAL COORDINATES OF A GIVEN REGION (IN THIS CASE.ANGOLA) 
; 
latn .. -5.02 
lats--17.33 
lone-9.00 
lonw.15.00 

;CONVERSION OF GEOGRAPHICAL COORDINATES (lat, long) INTO X,Y COORDINATES 
1 
yn-ROUND«(start_lat-latn)/ysize)-O.5) 
ys-ROUND«(start lat-lats)/ysize)-O.5) I 

xe-ROUND«(lone-;tart lon)/xsize)-O.5) I 

XW .. ROUND«(lonw-start=lon)/xsize)-O.5) I 

Print, "yn_.,yn, "ys-",ys, "xe-",x8, RXW_",XW 
; 

yl (for latn) 
y2 (for lats) 
xl (for long) 
x2 (for long) 

;TEMPERATURE RANGE ACCEPTABLE IN ANGOLAN WATERS 
I 

minT-12 I minimum temperature 
maxT-32 I maximum temperature 
;CONVERSION OF TEMPERATURES(DECIMAL} INTO DIGITAL NUMBERS (DN) 
I 
minval-2*(55-maxT) 
maxval-2*(55-minT) 
min~ercent_good-30 ; MINIMUM PERCENTAGE OF GOOD SST REQUIRED IN A SWATH 

n-12*{(end_year)-(start-year)+1) 
Print,n I number of files 
arr-STRARR(n) 
darr-INTARR(n) 
barr-INTARR(n) 
numfile .. -l 
MODE- 2 
;*************************************************************************************;****** 
******************************************************************************* 
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str_year-STRTRXM(string(year) ,2) 
IP MODB BQ 1 THBN BBGXN 

IP year GT start-year THEN BEGIN 
sm-l 
em-12 

IF year EQ end-year THEN BBGIN 
sm-l 
em-end_month 

ENDXP 
BNDIP ELSE BBGXN 

sm-start_month 
em-12 

ENDELSE 
ENDIP BLSE BEGIN, mode 2 

sm-start month 
em-end month 

ENDELSB 

POR month-sm,em DO BEGIN 
numfi1e-numfi1e+1 

XP month GT 9 THBN BBGXN 
str_month-STRTRXM(string(month) ,2) 

ENDIP ELSE BEGIN 
str_month.'O'+ STRTRIM(string(month),2) 

ENDELSE 
img_str.'b'+ str-year + str_month +'.sst' 
arr(numfi1e)-img_str 
barr[numfile)-year 
darr[numfile)-month 

ENDPOR 

ENDFOR 
Print,arr 
1*************************************************************************************;****** 
******************************************************************************* 

img_str-img_dir+'*.sst' 
img_list-PINDPXLE (img_str, count-num_img) 

;*************************************************************************************;****** 
******************************************************************************* 
I SUBPROGRAM ALLOWING TO EXTRACT X AND Y COORDINATES INCLUDING 1-D FROM THE BINARY ;FILE 
"CLUS12.BIN" 
; GENERATED BY THE IDL CLUSTER PROGRAM "MAKE CLUSTERS" 
; 
dir_name-'CI\CLUSTER_l\CONGO PLUME\PLUME METEOSAT SST\PAROPPSHORE_PLUME\' 
file_nameu·PAROPPSHORE.BXN' 

I 

funcl_dir-'CI\CLUSTER l\CLUSTER XDL PRG\' 
; 

CD,funcl dir,CURRENT-clusterdir 
RESOLVE_ROUTXNE,'BSORT',/XS_PUNCTXON 
CD,clusterdir 

I 
outarr-LONARR(825) 
OPENR,luni,dir name+fi1e_name,/GET_LUN 

READU,luni,outarr 
CLOSE,luni & FREE_LON,luni 
; 

Clus_arr-outarr[UNIQ(outarr,BSORT(outarr»] 
I 
idx swath-Clus arr 
num=idx_swath-N_ELEMENTS(idx_swath) 
; 

Print,num_idx_swath 

;*************************************************************************************;****** 
******************************************************************************* 
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lcomputation of the Mean sst excluding cloud and bad SST 

n_images-numfile 
averages-FLTARR(3 ,n_images+l) 
I 

FOR j-O,n_1mages DO BEGIN I Process all the images 
file-path-img_dir + arr{j) 
idx-where{!mg_list EQ file-path,count)I checking the missing files 

I 
IF count NE 0 THEN BEGIN; only if there is no missing files 

OPENR,luni,file-path,/GET_LUN 
a-ASSOC(luni,BYTARR(xdim,ydim» 
image-a (0) 
CLOSE,luni & FREE_LUN,luni 

,******************************************************************************************** 
******************************************************************************* 
;COMPUTATION OF X,Y COORDINATES FROM IDX SWATH (GEOGRAPHICAL POSITION OF THE DIGITAL COUNTS 
CORRESPONDING TO THE SST) 

subimage-INTARR(num_idx_swath) 
SST-FLTARR(num_idx_swath) 

x-idx_swath(i)MOD 650 ;CALCULATION OF X COORDINATES 
y-idx_swath (1)/650 ; CALCULATION OF Y COORDINATES 
subimage(i)-image[idx_swath(i)] 

;CHECKING THE PIXELS WITHIN THE REQUIRED RANGE (EXCLUDING LAND,BORDER,CLOUDS AND ALL ISST 
OUTSIDE THE RANGE) 

index-WHERE (subimage GT 30 AND subimage GT minval AND subimage LE maxval,ct) 
SST(i)-55.0-(subimage(i)/2.0) I CONVERSION OF DIGITAL COUNTS INTO DEGREE CELSIUS 

I 

PRINTF,luno,i,x,y,subimage(i),sst(i) 
ENDFOR 
Close,luno & FREE_LUN,luno 

IF ct GE min-pixels THEN BEGIN, A minimum number of good pixels is REQUIRED to 
compute the mean SST 

maan_SST-MEAN(SST(index» 
averages[O,jl-barr(j) ;First column of years 
averages[l,jl-darr(j) ;Second colum of months 
averages[2,jl-mean_SST ;Third column of mean SST 

ENDIF ELSE BEGIN ;if the number of good pixels is less than the 
minimum required than the file is rejected by writing -99.999 

averages [O,jl-barr(j) ;First column of years 
averages [l,j]-darr(j} ISecond colum of months 
averagas[2,j]--9999.99 ;Third column of mean SST 

ENDELSE 
I 

ENDIF ELSE BEGIN; if there 
avarages[O,jl-barr(j) 
averages[l,jJ-darr(j) 
averages[2,jJ--9999.99 

ENDELSE 
ENDFOR 

is any miSSing file, then write -9999.99 
First column of years 
Second column of months 
Third column of mean SST 

;******************************************************************************************** 
******************************************************************************* 
I 
For j-O,n_images DO PRINT,averages(O,l,j) ,averages (2,j) ,format.' (I5,2X,I4,2X ,FI0.2)' 
; 
OPENW,luno,out_dir+out_file,/GET_LUNI open an ouput file 
; 
PRINTF,luno, REXTRACTION OF MEAN_SST DATA FROM METEOSAT MONTHLY COMPOSITE 
IMAGES·,format-' (5X,A70,/) , 
PRINTF,luno, "CALCULATION OF MONTHLY SST USING THE SWATH",format-' (5X,A70,/), 
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PRINTF,luno,"IDL PROGRAM WRITTEN BY VIANDA L.L. FILIPE /UCT MSc STUDENT 
(2005/2006l-,format.' (5X,A70,/)' 
PRINTF,luno,ftSUPERVISOR DR. KOBUS AGENBAG (MeM/CAPE TOWN)· ,format-' (lOX,A50,/), 
PRINTF,luno, "MEAN_SST", format-' (15X,A50,/), 
PRINTF,luno,start year, start month, start ime,format-$ 

'(5X,·START_YEiR-",I5,3X,~START_MONTH~·,I3,3X,ftSTART_IMAGE.",I2,5X,/)' 
PRINTF,luno,end_year,end_month,end_ime,formats $ 

'(5X,"END_YBARs H,I5,3X,-END_MONTH.·,I3,3X,"END_IMAGE_H,I2,5X,/) • 
PRINTP,luno,latn,lone,$ 
format-' (5X,"START_UATITUDE-H,F10.4,3X,·START_LONGITUDE.",PlO. 4,5X/)' 
PRINTF,luno,lats,lonw,$ 
format-' (5x,nEND_UATITUDE.n,PIo.4,5X,MEND_LONGITUDE.·,PIO.4,5X ,I)' 
PRINTP,luno,swath_width1, $ 
format-'(5X,"SWATH_WIDTHl.",PlO.4,/l • 
PRINTF,luno,minval,maxva1,$ 
formats' (5X, "MAXVAL.",Fl2.4,5X, "MINVALs·,Fl2.4,5X,/) , 

; Write monthly mean SST 
Por j-O,n_images DO PRINTF,luno,averages(O.l,j), averages(2,j), 
format.' (I5,2X,I4,2X,F10.2,4X,PlO.2) • 

Close,luno " FRBE_LUN,luno 
END 

£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 

12 COMPUTATION OF MEAN-CHL USING CLUSTER INDICES 
;EXTRACTION OF CHL DATA FROM SEAWIFB IMAGES 
;IDL PROGRAM WRITTEN BY VIANDA L.L. FILIPE /UCT MBc STUDENT (2005/2006)" 
;SUPERVISOR DR. KOBUS AGENBAG (MCM/CAPE TOWN) 
I 
ime_dir-'C,\VATA\SBAWIFS_GAC_MONTHLY\' 
ime_str-'*.bil' 
I 

out_dir-'C,\CLUSTER_l\' 
out_file. 'CLUSlO_Chl_C. txt' 
I 

; STARTING AND ENDING TIME (YEAR, MONTH " IMAGES) 
startyear-1998 
endyear-l998 
start_month-l 
end_month .. l 
start_illlg-l 
end_illlgsl 
; 
IGEOGRAPHICAL COORDINATES OF THE IMAGE 
I 
start_lat--S.OO 
end_lat .. -40.00 
start_lon .. S.OO 
end lon-40.00 
I 

;Pixel Samples (nber of columns), Scan lines (nber of rows), Xsize "Ysize 
; 

xdim-825 
ydim .. 825 
ysize.(start_lat-end_latl/ydim 
xsize-(end_lon-start_lon)/xdim 

PRINT,ysize,xsize , 
;Lentgh of the swath 
I 
swath_widthl .. 370 
I 

;km (Distance between the coast and the first point offsftore) 

I 
y .. 106 

xl-a4 
x2 .. 85 

I obtained from the centre of the region,values 
obtained from RDPIX (yl-543,y .. 649-543 .. l06) 
Value of the first pixel in the scan line y-106 

I Value of the second pixel in the scan line y .. 106 
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CONVERSION OF Xl AND X2 INTO LONGITUDE I AND LONGITUDE 2 

lonl- start lon+(xsize/2l+xl*xsize 
lon2- start=lon+(xsiza/2)+x2*xsize 

Print,"lonl-",lonl,"lon2_",lon2 
1 

,GEOGRAPHICAL COORDINATES OF A GIVEN REGION (In this case: Angola) 
1 
latn--5.50 
lats--17.33 
lone-51. 00 
lonw .. 1S.00 
1 

,CONVERSION OF GEOGRAPHICAL COORDINATES OF THE REGION (lat,long) into X,Y COORDINATES 

yn-ROUND«(start lat-latn)/ysize)-O.S) 
YS-ROUND«(start=lat-latsl/ysizal-O.Sl 
xe-ROUND«(lone-start lon)/xsize)-O.S) I 

xw-ROUND«(lonw-start=lonl/xsizel-O.Sl ; 

;Chl_C RANGE ACCEPTABLE IN ANGOLAN WATERS 
1 

yl (for latn) 
y2 (for lats) 
xl (for long) 
x2 (for long) 

minchl_C-O.l ; minimum temperature 
maxChl_C-SO maximum temperature 
,CONVERSION OF Chl_C(DECIMAL) INTO DIGITAL NUMBERS (DN) 
I 

minval.(aloglO(minChl C)+2.0)/O.015 
maxval-(aloglO(maxChl=C)+2.0)/0.01S 
min-percent_good-30 I MINIMUM PERCENTAGE OF GOOD ChI C REQUIRED IN A SWATH 
I 

I 
Print,minChl_C,maxChl C 
n-12*«end_year)-(start-year)+1) lTOTAL NUMBER OF BINARY FILES 
Print,n I number of files 
arr-STRARR(nl 
darr-INTARR(n) 
barr-INTARR(n) 
numfile--l 
MODE- 2 
; THE FOLLOWING SUBROUTINE ALLOWS TO LIST ALL BINARY FILES 
FOR year-start-year,end_year DO BEGIN 

str-year-STRTRIM(string(year),2) 
IF MODE EQ 1 THEN BEGIN 

IF year GT start_year THEN BEGIN 
sm .. l 
em-12 

IF year EQ end-year THEN BEGIN 
sm-l 
em-end month 

ENDIP 
ENDIF ELSE BEGIN 

sm-start month 

ENDELSE 
ENDIF ELSE BEGIN; mode 2 

sm-start month 
em-end_month 

ENDELSE 

FOR month-sm,em DO BEGIN 
numfile-numfile+l 

IF month GT 51 THEN BEGIN 
str_month-STRTRIM{string{month) ,2) 

ENDIP ELSE BEGIN 
str_month-'O'+ STRTRIM(string(month) ,2) 

ENDELSE 
img_str-'chl'+ str-year + str_month +'.bil' 
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arr(numfile)-img_str 
barr[numfile)-year 
darr[numfile]-month 

ENDPOR 

BNDPOR 
Print,arr 
;******************************************************************************************** 
***************************************************************************************** 
img str-img dir+'*.bil' 
img=list-PINoPILE(img_str,count-num_img) 
i***************************************************** *************************************** 
***************************************************************************************** 
I 
image_dir.·C:\cluster_l\· 
image_file-·clus12.bin· 
lout_dir.·C.\cluster_l\' 
/out_file.·cluslO.txt· 
xdiml-825 
ydiml-825 

;***************************************************************************************** 
;***************************************************************************************** 
,It is a LONARR( 36, 23280) array where: 
;There are 3 columns for each of 12 clusters. l-D, x- and y-coordinates 
;The number of data values vary from cluster to cluster. 

clus_arr-LONARR(36, 23280) 
OPENR, luni, image_dir+image_file,/GET_LUN 

RBADU,luni,clus_arr 
CLOSE,luni & PREE_LUN,luni 
clus12_arr-clus_arr[33.35,*1 
clusll_arr-clus_arr[30.32,*] 
clus10_arr-clus_arr[27:29,*l 

I 
;OPBNW,luno,out_dir+out_file,/GET_LUN 
11 

II 

i-O,3118 DO BEGIN 
x-cluslO_arr(l,i) 
y-cluslO_arr(2,i) 

II x-clus10_arr(O,i)MOD 825 
II y-clus10_arr(0,i)/825 
11 

IPRINTP,luno,i,x,y 
,ENDFOR 
,CLOSE,luno & FREE_LUN,luno 
;*************************************************************************************;****** 
******************************************************************************* 

OPENW,luno,out dir+out_file,/GET_LUN; OPEN AN OUTPUT PILE 
I 
POR j-O,n_images DO BEGIN 

file-path-img_dir + arr{j) 
I Process all the images 

OPENR,luni,file-path,/GET_LUN 
a-ASSOC(luni,BYTARR(xdim,ydim» 
image-a (0) 
CLOSE,luni & PREE_LUN,lun! 
; 

,COMPUTATION OF X,Y COORDINATES FROM IDX SWATH (GEOGRAPHICAL POSITION OF THE 
;DIGITAL COUNTS CORRESPONDING TO THE ChI_C) 

subimage-INTARR(3119) 
Ch1_C.PLTARR(3119) 

FOR i-0,3118 DO BEGIN 
x-cluslO arr(O,i)MOD 825 
YMclus10-arr(O,il/825 
subimage(i)-image[cluslO_arr(O,ill 
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;CHECKING THE PIXELS WITHIN THE REQUIRED RANGE AND EXLUDING CLOUDS,LAND AND LAND_BORDER 
I 

index-WHERE (subimage LT 253 AND sub image GT minval AND sub image LE maxval,ct) 
I 
,CONVERSION OF DIGITAL COUNTS INTO Chl_C 
I 
Chl_C(i)_lOA(O.OlS*subimage{i)-2.0) 
1 
Printf,luno,i,x,y,subimage{i),Chl_C{i) 

ENDFOR 
I 
mean_Chl_C-MEAN(Chl C(index» ; COMPUTATION OF THE MEAN Chl C EXLUDING ALL BAD 

VALUES (LAND. CLOUDS. BORDER AND ALL 0.1> ChI C > 50mg/m3 ) 
averages [O,j]-barr(j) I First column of years 
averages[l,jl-darr(j) Second colum of months 
averages [2,j]-mean_Chl_C Third column of mean ChI C 

Printf,luno,mean_Chl_C 
ENDFOR 

;******************************************************************************************** 
***************************************************************************************** 

Close,luno & FREE_LON,luno 
END 

£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 

13 CREATE A BINARY FILE FROM A CSV FILE 

I 

IDL PRG FOR CREATING A BINARY FILE FROM A CSV FORMAT FILE 
IDL PRG WRITTEN BY VIANDA FILIPE, UCT MSC STUDENT (2005-2006) 

arr-LONARR(850) 

dir name-'C.\CLUSTER_l\CONGO PLUME\PLUME_METEOSAT_SST\FAROFFSHORE_PLUME\' 
file_name-'FAROFFSHORE.CSV' 

out_dira·C.\CLUSTER_l\CONGO PLUME\PLUME_METEOSAT_SST\PAROFFSHORE_PLUME\' 
out_filem'FAROPFSHORE.BIN' 
I 

file-path-dir_name+file_name 
rec--l 
OPENR,luni,file-path,/GET_LON 
str_tl 
WHILE EOF(luni) HE 1 DO BEGIN 

READF,luni,str 
len-STRLEN(str) 
sarraSTRARR(len) 
FOR i-O,len-l DO sarr[il-STRMID(str,i,l) 
idx-WHERE(sarr EQ ',',cnt) , 
a-LOMARR(I) 

substr_STRMID(str,O,len-idx[O]-l) 
READS,substr,c & a[O]-LONG(c) 
,Print,a 

rec-rec+l 
arr(rec)_a 

ENDWHILE 

Print,"rec.·,rec 
,************************************************************************************** 
1************************************************************************************** 

arr-arr[O,rec] 
CLOSE,luni & PREE_LON,luni 
Print,arr 
PRINT,'AIl done' 
OPENW,luni,out_dir+out_file,/GET LON 

;************************************************************************************** 
;************************************************************************************** 

outarr-LONARR(rec+l) 
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outarr[*]-arr 
WRITEU,luni,outarr 
PRINT, 'Number of records in output array .',ree 
CLOSE,luni & FREE_LUN,luni 
PRINT,OUTARR 
E~ 

****************************************************************************************** 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 

14 USE OF CTD GEOGRAPHICAL COORDINATES FOR THE CORRESPONDING 
CHL PIXELS FROM SEAWIFS IMAGES 
i BUILD PENTADE FROM CTD SALINITY DATA WITH IDL PRG 
I IDL PRG WRITTEN BY VIANDA FILIPE, UCT MSC STUDENT (2005-2006) 
img dir-·C:/DATA/METEOSAT IMAGES 5DAYS COMPOSITES/" 
img=str.".sst ft - - -

;********************************************************************************** 
;********************************************************************************** 
dir name-'C.\CLUSTBR l\CONGO PLUME\CTD SALINITY\CTD RESULTS\' 
file name-'CTD 3 2003 SURVEY. bin' - -
out dir.'C.\CLUSTER l\CONGO PLUME\CTD SALINITY\CTD RESULTS\' 
out=file-'CTD_3_2003_SURVEy.txt· - -

1********************************************************************************** 
;********************************************************************************** 
start_lat--5.00 
end_lat--40.00 
start_lon-S.OO 
end_lon-40.00 

;Conversion of latitude and longitude into X,Y coordinates 
I 

xdim-6S0 
ydim-650 
ysize-(start lat-end lat)/ydim 
xsize-(end_1on-start=lon)/xdim 

#********************************************************************************* 
;******************************************************************************** 
ctd95 arr-PLTARR(9,26l) 
OPENR~luni,dir_name+file_name,/GET_LUN 

RBADU,luni,ctd95_arr 
CLOSE,luni & FREE_LUN,luni 

print,ctd95 arr 
year-FIX(ctd95_arr[1,*]) 
month-PIX(ctd95_arr[2,*]) 
day.PIX(ctd95_arr[3,*1) 
1at-ctd95_arr[4,*1 
lon-ctd9S_arr[5,*1 
sal-ctd95_arr[7,*1 

;************************************************************************************ 
;************************************************************************************ 
IDX_ARR-LONARR(194) 
SSTPILB_ARR-STRARR(194) 
PENTADE-INTARR(2,6) 
PENTADE[*,*1-[1,S,6,lO,ll,lS,16,20,21,25,26,3l] 
FOR i-O,193 DO BEGIN 

year-PIX(ctd9S_arr[l,i]) 
month-FIX(ctd95_arr[2,i]) 
day-FIX(ctd95_arr[3,il) 

pant-O 
FOR j-O,S DO BEGIN 

IF day GE PENTADE[O,jl AND day LE PENTADE[l,jl THEN pent-j+1 
,PRINT,pent 
E~POR 

ystr-STRTRIM(string(yaar) ,2) 
IF MONTH GT 9 THEN BEGIN 
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, 

mstr-STRTRIM(string(month) ,2) 
ENDIP ELSE BEGIN 

mstr-'O'+ STRTRIM(string(month),2) 
ENDELSE 
pstr-STRTRIM(string{pent) ,2) 

I ehlfile-nehl"+ystr+mstr+"p"+pstr+".bil" 
sstfile.Rb"+ystr+mstr+RpR+pstr+".sst H 

y-ROUND«{start_lat-lat{i»/ysize)-0.5) 1 yl (for latn) 

x-ROUND«(lon(i)-start_lon)/xsize)-0.5) ; xl (for long) 
I 
idx-(y*ydim)+x 
idx arr[*,*l-idx 
sstfile_arr[*,*l-sstfile 
PRINT,i,x,y, sstfile_arr (i) 
ENDPOR 
,STOP 
Print,sstfile_arr[O,lOl 
;*************************************************************************************;****** 
******************************************************************************** 
subimage-INTARR(194) 
sst-l!'LTARR(194) 
OPENW,luno,out dir+out_file,/GET_LON 
FOR k.O,193 DO BEGIN 

Pile-path-img_dir+sstfile_arr(k) 
OPENR,luni,file-path,/GET_LON 
a-ASSOC(luni,BYTARR(xdim,ydim» 
image-a (0) 
CLOSB,luni & FRBE_LON,luni 

x-idx arr(k}MOD xdim 
y-idx-arr(k)/ydim 
subimage(k)-image[idx arr(k)l 
sst{k).5S.0-{subimage(kl/2.0) 
; 

Printf,luno,x,y,sstfile_arr(k),sal(k),sst(k) 
ENDPOR 
CLOSE,luna & FREE_LON,luno 
BND 

£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 

15 READ CTD-BINARY FILE WITH 8 PARAMETERS (EIGHT COLUMNS) 

IDL PRG FOR READING A CTD-BINARY PILE WITH 8 PARAMETERS 
IDL PRG WRITTEN BY Viands Filipa, UCT STUDENT (2005-2006 
arr-PLTARR(9,400) 
dir_name-'C.\CLUSTER_l\CONGO PLUME\CTD_SALINITY\CTD_RESULTS\' 
file name.'CTD 8 2003 SURVEYS.CSV' 
out_dir.'c.\CLUSTER_l\CONGO PLUME\CTD_SALINITY\CTD_RESULTS\' 
out_file-'CTD_8_2003_SURVEY.bin' 
file-psth.dir_name+file_name 
rec--l 
OPENR,luni,file-path,/GET_LON 
strait 
WHILE EOF(luni) HE 1 DO BEGIN 

READP,luni,str 
len .. STRLEN(str) 
sarr.STRARR(len) 
POR i-O,len-l DO sarr[il-STRMID{str,i,l) 
idx-WHERE(sarr EO ',',ent) 
a-PLTARR(9) 
I 
substr-STRMID(str,O,idx[Oll 
READS,substr,c & a[Ol-FIX(c) 
I 
substr-STRMID(str,idx[Ol+l,idx[ll-idx[Ol-l) 
READS,substr,e & a[l]-PIX(e) 
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I 

suDstr-STRMID(str,idx[11+1,idx[21-idx[11-1) 
READS,suDstr,c & a[21-FIX(c) 
I 
suDstr-STRMID(str,idx[21+1,idx[31-idx[21-1) 
READS,suDstr,c & a[3J-FIX(c) 
I 
suDstr-STRMID(str,idx[31+1,idx[41-idx[31-1) 
READS,suDstr,c & a[41-F~OAT(C) 
1 

suDstr-STRMID(str,idx[4J+l,idx[5J-idx[4J-l) 
READS,suDstr,c & a[51.F~OAT(C) 

suDstr-STRMID(str,idx[5]+1,idx[6]-idx[5]-1) 
READS,suDstr,c & a[6]-F~OAT(c) 

suDstr-STRMID(str,idx[6]+1,idx[71-idx[61-1) 
READS,suDstr,e & a[7JuF~OAT(e) 
I 
suDstruSTRMID(str,idx[7J+l,len-idx[7]-1) 
RBADS,suDstr,e & a[81-F~OAT(e) 
I 
PRINT,a[4] 

ree-rec+l 
arr(*,rec)-a 

BNDWHI~B 

Print,"rec-",rec 

;*************************************************************************** 
;*************************************************************************** 
arr-arr[*,Olrec] 
CLOSB,luni & FREB_LUN,luni 
Print,arr 
PRINT,'All done' 
OPBNW,luni,out_dir+out_file,!GBT_~UN 

arrl-arr[OI8,*] 
;***************************************************************************** 
;***************************************************************************** 
outarr-FLTARR(9,rec+l) 
outarr[O:8,*1-arr 
WRITBU,luni,outarr 
PRINT,outarr 
PRINT,'Number of records in output array .·,rec 
CLOSB,luni & FREB_LUN,luni 
;***************************************************************************** 
;***************************************************************************** 
ctd arr-FLTARR(9,rec+l) 
OPENR,luni,out_dir+out_file,!GET_LUN 
RBADU,luni,ctd_arr 
CLOSE,luni & FREB_LUN,luni 
PRINT,ctd_arr 
END 

£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 

CLUSTER PROGRAMS 

16 Function 'fill blanks 2' 

This version differ from 'fill __ blanks_l' in that a more sophisticated calculation 
scheme is used in so far as that the blanks are filled in a sequence such that 
the pixels with the highest probability for a good estimate (more neighbours) are 
filled first. In 'fill_blanks_l ' the sequence is purely according to t~e 1-D index 
of blank pixels obtained from a WHERE. 

This function is intended to fill small numbers of 'no data' pixels 
in a 2-D array by linear interpolation from neighbouring pixels. 
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Input required. 
imageD the 2-D array which must be filled. It may be type 

BYTE, INTEGER or FLOATING POINT. All interpolation 
calculations are performed as floating point but 
the result is returned as the same type as the input 
image. 

bval The pixel value of those pixels to be filled in 
nodata Pixels with this value will not be filled or used in the 

interpolation/extrapolation process. It is typically meant for 
situations where 'image' contains a land mask. 

Output A 2-D array of the same dimensions and type as the input 

Principle of operation. 
Each pixel with value = bval is considered to be at the centre of a 5x5 kernel 
(Using the notation the pixels in the first 'ring' around the central pixel are 
named, Nl, NEl, El, etc and those in the second 'ring' are named N2,NE2, E2 etc) 
A value for the central pixel is then computed from the following pairs of pixels 
where (1) the calculation is only performed if both pixels in the pair are not 
equal to bval and (2) each such calculation produce a result which is weighted 
by a weight inversely proportional to the mean distance from the central pixel to 
the pair being used for the interpolation 

Pixel#l Pixel#2 weight 
N1 Sl 1/1 
W1 E1 1/1 
~l SEl 1/1.414 (=1/SQRT(2» 
NEl SWl 1/1.414 
N2 N1 1/1.5 
E2 E1 1/1.5 
S2 Sl 1/1.5 
W2 Wl 1/1.5 
~2 ~1 1/2.1213 (=l(average of SQRT(2) and SQRT(8» 
NE2 NEl 1/2.1213 
SE2 SEl 1/2.1213 
SW2 SWl 1/2.1213 

The procedure performs one to three passes through the array. Each pass consists of ;two 
cycles. On the first cycle the procedure works sequentially through the blank ;pixels but do 
not compute averages. Only a record of the mean weight of the Icomponents which may 
potentially be used to compute an average is compiled. On the ;second cycle the averages are 
computed in order of these mean weights - starting ;with the highest weight. Note that an 
average is only computed if at least 3 ; ('min_comp') of the potential 12 components can be 
derived. If after the first pass ;there are still unfilled pixels a second pass is performed 
using exactly the same ;procedure as in the first pass. If after the second pass there are 
still unfilled ;pixels the requirement for 3 ('min-comp') components is relaxed to one or 
more ;components and a third and final pass performed. 

Written by J.J.Agenbag MCM Nov 2005 

FUNCTION fill_blanks_2, imageO,bval,nodata 
image. image ° 

I Minimum number of components required for average calculation 
during the first two passes 

passnumber.O I Perform up to three passes to fill blanks. Set up for the 1st 

I 
offsetsaINTARR(4, 12) I An interpolation/extrapolation for pixel (x,y) is performed 

I between two pixels (x+dx1,y+dy1) and (x+dx2,y+dy2). The 
array 'offsets' holds dx1,dy1,dx2 and dy2 

offsets[*,0.5]-[0,-1,0,1, -1,0,1,0, -1,-1,1,1, 1,-1,-1,1, 0,-2,0,-1, 2,0,1,0] 
offsets[*,6.11].[0,2,0,1, -2,0,-1,0, -2,-2,-1,-1, 2,-2,1,-1, 2,2,1,1, -2,2,-1,1] 

weights-PLTARR(12) 
wl-1.0 
w2.1.0/SQRT(2.0) 

I Store here the weights of the 12 interpolations/extrapolations 

w3.1.0/1.5 
w4.1.0/({SQRT(2.0)+SQRT{8.0»/2.0) 
weights [*]. [wl,wl,w2,w2,w3,w3,w3,w3,w4,w4,w4,w4] 
I 
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x dimension of the image 
y dimension 

I 

asize-SIZE(image) 
xdim-asize [1] 
ydim.asize[2] 
type-as be [3] 1 Data type. l=BYTE, 2=INTEGER, 3=LONG, 4=FLOATING POINT 
I 

image-FLOAT (image) ; All calculations performed in FP 
bval-FLOAT(bval) 
nodata-PLOAT(nodata) 
1 

; 
idxbl-WHERK(image KQ bval,numblank) I The index of blank pixels 

I 

; -------------------------------------------------------------------------------
FOR pass.l,) DO BEGIN Perform up to 3 passes through the image 

meanweights-FLTARR(numblank) In this array keep record of the mean 
weights of components which may 

PRINT,pass,numblank,$ 
FOR.MAT=' ("Performing pass no.",I2," There are",I5," blanks to fill")' 

I potentially be used to compute an average 
FOR cycle-l,2 DO BEGIN For each pass first determine the sequence (ie get 

I 'meanweights' then do the actual averages 
PRINT,cycle,POR.MAT-' (ft Doing cycle",I2), 
; 

xycoord-ARRAY_INDICKS (image, idxbl) 
xcoord-xycoord[O,*] 
ycoord-xycoord[l,*] 

; In order that the interpolations/extrapolations can be performed on all 
pixels in the input image a working image is created so that 

pixel 

I there is a border of two pixels round the actual data area. 
imagew-FLTARR (xdim+4 ,ydim+4) I The working image 
imagew[*,*].bval 
imagew[2.xdim+l,2.ydim+l]-image 

I 
DO BEGIN I Fill the blanks FOR j-O,numblank-l 

x.xcoord[jl+2 
y-ycoord[jl+2 
sWIII-O.O 
sWll2-0.0 
nWllestimate-O 

I Adjust the coordinates for 'imagew' 

I Keep record of number of 'good' estimates 

FOR i-O,ll DO BEGIN I Do the 12 interpolations/extrapolations 
sgn-l.O 
IF i LB 3 THEN sgn--l.O 
dxl-offsets[O,i] 
dyl-offsets [1, il 
dx2-offsets[2,i] 
dy2.offsets[3,il 

xl .. x+dxl 
ylay+dyl 
x2-x+dx2 
y2.y+dy2 

I The coordinates of the two pixels used to do the interpolation 

I 
vl_imagew[xl,yl] 
v2 .. imagew [x2, y2J 

I 
IF vl BQ bval OR vl EQ nodata OR $ 

v2 KQ bval OR v2 EQ nodata THEN BEGIN 

BNDIF ELSE BEGIN 
u_SQRT(PLOAT(dxl)A2 + PLOAT(dyl)A2) 

ul-u*sgn 
u2_SQRT(FLOAT(dx2)A2 + FLOAT(dy2)A2) 
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I The interpolated estimate is computed from v. au + b where u.O 
a-(v2-vl)/(u2-ul) 
b.vl - a*ul 
suml-suml+b*weights[i] 
sum2-sum2+weights[i] 
numestimate-numestimate+l 

ENDBLSB 
I 

I 
ENDFOR I End of FOR i-O,ll DO BEGIN I Do the 12 estimates 
I 
IF cycle EQ 1 THEN BEGIN ; First cycle. Do not compute averages 

IF numestimate NE 0 THEN BEGIN 
meanweights[j]-sum2/FLOAT(numestimate); Store the mean weight 

BNDIF 
I 

ENDIF ELSE BEGIN I Second cycle. Compute averages 
I 

IF numestimate GE min_camp THEN BEGIN 

imagew[x,y]-suml/sum2 
ENDIF 

I If there are enough than 

ENDELSE 
I 

ENDFOR 1 End of FOR j=O,numblank-l DO BEGIN 
I 

IF cycle EQ 1 THEN BEGIN ; Bnd of first cycle. Set up for 
indexmw-REVERSE(SORT(meanweights» 1 calculation of averages 
idxbl-idxbl[indexmw] I This is the index of blank pixels in dec ending 

order of mean weight 
ENDIF ELSE BEGIN End of second cycle. Set up to do 

next pass if necessary 
image.imagew[2Ixdim+l,2Iydim+l] 

idxbl-WHERE(image EQ bval,numblank) 
IF numblank EQ 0 THEN GOTO, all_done 
IF pass EQ 2 THEN min_comp.l 

ENDELSE 
I 

ENDFOR End of FOR cycle=1,2 DO BEGIN 
1 

ENDFOR End of FOR pass=1,3 DO BEGIN 

all_done, 
; Convert 'image' back to original type 
IF type EQ 1 THEN image - BYTE(ROUND(image» 
IF type EQ 2 OR type EQ 3 THEN image. ROUND (image) 
I 
PRINT,numblank,FORMAT.' (I, "Done. There are",IS," blanks not filled")' 
RETURN,image 
I 

END 

£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 

After the meteosat 6S0x6S0 climatology images had been transformed 
with ENVI (see 'Meteosat_climatology_readme.doc'l it was found that: 

1. The new images were the correct (825x825) size and the coastline 
fitted that of the seawifs 825x825 images very well 

2. The last two lines (823 and 824) and the first column (0) are blank 
3. The transformed SST images are upside down relative to the seawifs 

images ( Fix with sst __ img = REVERSE(sst_img,2) ) 

This program fixes these problems as follows 
1. The SST images are reversed 
2. A Delaunay triangulation (TRIANULATE and TRIGRID) was first used to try to 

fill in the blank lines but this was not successful. The procedure now uses 
function 'fill blanks 2' - -

3. The land boundary and land (253 and 254) from the seawifs images 
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are then written on the SST image as 29 and 30 (the normal values) . 

Written by J.J.Agenbag MeM November 2005 
I 

func_dir-'DI\ID~_work' 
CD,func dir,CURRBNT-workdir 
RBSOLVB=ROUTINB, 'fill_blanks_2',/IS FUNCTION 
CD,workdir 
I 
chl_dir-'GI\SeaWiFS\SeaWiPS-199S-2004-climatology\' 
chl_filem'clim_l998-2004_01.bilO' 
; 

sst_dir-'G,\METBOSAT_images\METBOSAT-1987-2002-climatology\' 
I 

sstnamelm'clim_1987-2002_' 
sstname2m ['01', '02', '03', '04', '05', '06', '07', '08', '09', '10', '11', '12'] 
sstname3-'_825x825.sst' 
sstname3 outm' 825x825.sstO' - -
I 
xdim-825 «ydim-S25 
I 
OPENR,luni,chl_dir+chl_file,/GBT LUN 
a-ASSOC(luni,BYTARR(xdim,ydim» 
chl_img-a[O] 
CLOSE,luni « FRBE_LUN,luni 

I 
idx chI Indb .. WHERB(chl img EQ 253, num chI lndb) 
idx=chI=lnduWHERE(chl_lmg EQ 254, num_~hl_lnd) 
I 
wnum .. JD.WINDOW+I 
WINDOW,wnum,XSIZE-xdim,YSIZE-ydim 
IORDER-l 
DEVICE,DECOMPOSED-O 

I 
FOR i-O,ll DO BEGIN ; Do all 12 the SST images 

PRINT, i+I,FORMAT. , ("Fixing SST image for month",I3) , 
sst_file_nama - sstnamal + sstname2[i] + sstnama3 
sst file name out - sstnamal + sstname2[i] + sstname3_out 
OPBNR,luni,sst dir + sst fila name,/GBT LUN 
a-ASSOC(luni,BYTARR{xdim;ydim» -
sst_img-a [0] 
CLOSE,luni «PRBB_~UN,luni 

I 

I 
sst_img-RBVBRSE(sst_img,2) 
I 

sst_img[idx_chl_lndbl m255 

; Flip image 

Apply the land border from the chl image 
and mask with 255 

sst_img[idx_chl_lndl-255 I Apply the land mask from the chl image 
and mask with 255 

idx-WHERB(sst_img EQ 29 OR sst_img EQ 30, cnt) I Get index of all remaining 
I SST land and land border pixels 

IF cnt GT 0 THEN sst_img[idxJ-O ; Mask these with 0 (zero) so that they will 
be filled by 'fill_blanks 2' 

I 
sst_img-sst_img2 
sst_img[idx_chl_lndb]-29 

I 

Use 'fill_blanks_2' to fill in the 
missing pixels (those with count=O) 

Re-apply the land border as obtained from the 
chI image 
Re-apply the land mask as obtained from the 

I chI image 

OPENW,luni,sst_dir + sst file_name_out,/GET_LUN 
WRITBU,luni,sst_img 
C~OSB,luni « FREE_~UN,luni 

I 
TVSC~,sst_img >20 <60 
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STOP 
ENDl"OR 
; 

PRINT, • All done' 
END 

£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
lS.Function 'coordinates_of_swath-pixels_vl.pro' 
; 

This function is intended to return the x-, y- and 1D coordinates 
of all pixels in a swath parallel to the coast ie the region of 
interest is not a rectangle or square. 

Inputs required are. 
The x dimensions of the image for which the coordinates are to be 
determined. 
A 2-D integer array with three columns where the first column contains 
the line number (y-coordinate) and the other two columns the start and 
end pixel numbers (x-coordinates) defining the swath width for that 
line. Note. The two x-coordinates may be in any order of size. 
NOTE, This array may be created with function 'make_WC_swath._array' 

The output will be a 2-D LONG array listing all the pixels in the swath. It 
consists of three columns. 1= the l-D index, 2= the x-coordinate and 

3= y-coordinate. 

; Written by J.J.Agenbag MCM November 2005 
I 
FUNCTION coordinates_of_swath-pixels, xdim,swath_coords 

1 

asize-SIZB (swath_coords, !DIMENSIONS) 
numy-asize[l] I Number of scan lines in the swath 

Check that there is actually data in all 'numy' records. 
I At the same time re-arrange the two x-coordinates so that the smallest 

is in swath_coords[l,] 
num_data_rec-O 
maxwidth-O ; Find the maximum swath width 
FOR i-O,numy-I DO BEGIN 

IF swath_coordsll,i] EQ ° AND swath_coords[2,il EQ ° THEN GOTO,end_check 
num data rec-num data rec+1 
mini.MIN(swath_coords[I.2,il,MAX-maxx) 
swath_coords[I.2,il-[minx,maxx] 
IF (maxx-minx+l) GT maxwidth THEN maxwidth-(maxx-minx+l} 

ENDFOR 
end_check. 
I 
outarr-LONARR(3,num_data rec*maxwidth) ; Create output array 
j--IL 
FOR i-O,num_data_rec-I DO BEGIN 

FOR ix-swath_coords[I,i],swath_coords[2,i] DO BEGIN 
j-j+IL 
outarr[O,j)-ix + LONG(xdim}*swath_coords[O,il 
outarr[l,j)-swath coords[O,i] 
outarr[2,jl-ix -

ENDFOR 
ENDFOR 
I 
outarraoutarr[*,O.j] 

RETtlRN,outarr 
END 

1 Chop off the unused part (if any) of 'outarr' 

£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££~£££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££E££££££££££££££££££E££EE£E£E££££ 
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I This program was produced to investigate partinioning of the oceanic belt off Angola into 
zones/regions of uniform properties using IDL's CLUSTER and CLUSTER_WTS procedures. 

It was further envisaged that Meteosat SST- and SeaWiFS GAC [chI-a] monthly climatologies 
will be used to define the clusters and that two or more months' data (eg. mid-summer and 
mid-winter) be employed. In order to do so the Meteosat 650x650 SST climatologies were 
registered and transformed to fit the SeaWiFS [chI-a] 825x825 images. 

Principles of operation of this program, 
1. The user must specify the number of variables - that is number of SST and ; [chI-a] 

files/images - to use. The maximum provided for is 24. 
2. The user must supply the file and directory names where the images are 10cated.NOTE: 

While the program was written with the 825x825 images in mind this is not a requirement. All 
files specified must however be co-registered. 

3. The user must specify the number of clusters to be defined. 
4. The user must specify the area to be used. This must be specified ito, 

a. northern boundary 
b. southern bounday 
c. swath width (km) 
d. start position of the swath (km from the coast) 

5. The user must specify whether the data are to be normalised or not. If the variables 
values differ in size (the pixel counts in the chI images are for example about twice the 
size of the Meteosat SST images) then the clustering procedure will be doulinatE!d by the 
larger values. For this reason normalisation of the variables are usually performed. In this 
program normalisation of a particular variable is done by 

subtracting the mean and dividing by the standard deviation (the IDL 'STANDARDIZE'). 

6. The user must specify the file/image name to be used as background when the clusters 
are displayed. NOTE. The program will display the background in monochrome with the clusters 
in colour (the land and land boundary may also be displayed in colour). For this p~rpose 23 
colours are defined which will use counts 255, 254, 253, etc. It is important that the 
background image does not utilise the count range allocated to the colours, hence if the 
maximum count in the specified back ground image exceed overlaps the count range of the 
colours then the image will be byte scaled so as to remove the overlap. NOTE. The user may 
also specify 'land-only' as background in which case a blank image with only the land/land 
boundary mask will be used as background. 
I 

7. The program will display the background image with clusters and then engage the user 
in dialogue on ego whether smoothing is desired, the smoothing kernel size.whether to save 
displays and data, etc. 

8. Smoothing is performed using boxcar smoothing (lOL's • SMOOTH' function}. The user may 
select to smooth a particular cluster or all clusters. irrespective of the selection each 
cluster is smoothed completely independantly by wri ting the cluster as value 1.0 on a 
background of 0.0. This means that the spatial extent of the cluster will be extended with a 
fringe of decimal values O.O<v<l.O and the user must indicate the cut-off level (all values 
greater or equal to the cut-off will be taken to be part of the smoothed cluster, smaller 
values will be discarded. 

NOTE THAT THE ORDER IN WHICH CLUSTERS ARE SMOOTHED IS IMPORTANT because if cluster 1 
is smoothed first and then cluster 2 then the smoothed cluster 2 may partly overwrite 
smoothed cluster 1. Therefore if the user selects to smooth all clusters then the smoothing 
is carried out in sequence of cluster size starting with the smallest 

9. When smoothing is performed with option 2 ('Smooth one or more clusters') then the 
smoothing process is cumulative in the sense that a smoothing action is performed 
on the result of the previous smoothing step. However, there is no carry over from 
smoothing performed with option 1 ('Smooth all clusters') to option 2. The array 
being smoothed is reset to the unsmoothed state whenever either option 1 or 2 is 
exitted. 

10. NOTE I Option 4 which saves the unsmoothed and smoothed data arrays to disk also 
creates header (.hdr) files. The .hdr for the smoothed array is of particular interest since 
it records the centres of the clusters ie. the characteristic 'signatures' or properties of 
the clusters. Also, in this header is a record of smoothing actions performed to generate the 
smoothed clusters image and smoothed clusters data array (saved in options 3 and 4 
respectively) 

NOTE. This program makes use three functions. 
'make_WCswatharray' in 'make WC swath_array_v1.pro' 
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'swathpixels_xy' 
'make._.colorkeyOl' 

in 'coordinates_of_swath_pixels_vl.pro· 
in 'make_colorkeyOl.pro' 

Written by J.J.Agenbag HCM November 2005 
;******************************************************************************************** 
******************************************************************************* 

Resolve the required functions 
funcl dir .. 'C.\CLUSTBR l\CLUSTB:R IDL PRG\', Directory for ·make_WC_swath._array· 
func2=dir-·C.\CLUSTB:R=l\CLUSTER=IDL=PRG\'/ Directory for coordinates of swath 

pixels' 
func3_dir-'C.\CLUSTB:R_1\CLUSTER_IDL_PRG\'/ Directory for 'make_colorkey01' 
CD,func1_dir,CURRBNTBclusterdir 
RBSOLVB:_ROUTINB,'make_WCswatharraY',!IS_FUNCTION 
CD,func2 dir 
RBSOLVB:_ROUTINB,'swathpixel_XY',/IS_FUNCTION 
CD,func3 dir 
RBSOLVB:_ROUTINB,'make_colorkey01l,/IS_FUNCTION 
CD,clusterdir 
1 

********************************************************************************** 
;************************************************************************************ 

Specify the variables/image/files to be used for cluster definition 

nwnvar-8 I This is the number of images/files to be used 

normalise-'yes' If 'yes' then the data will be normalised before application 
of the cluster analysis. If 'no' then normalisation will not 
be done. NOTE. Saved cluster data is always the non-normalised values 

/ 

filenames-STRARR(numvar) 

filedirs-STRARR(numvar) 
I 

These are the files names for the images to be used 
as variables 
These are the directories in which the files are located 

/filenames[O,lj-['clim 1987-2002 01 825x825.sstO',·clim 1987-2002 03 825x825.sstO'1 
/filenames[2.3]-[·clim=1987-2002=07=825X825.sstO·,'clim=1987-2002=08_825x825.sstO'l 

/ 

filenames[0:11-['clim_l998-2004_01.bi1',·clim_1998-2004_03.bil'l 
filenames[2,31-['clim_l998-2004_06.bil',·clim_l998-2004_08.bil'] 

I 

filedirs[0]-·C.\CLUSTB:R_1\RBVB:RSBD CLIMATOLOGIB:S\' 
filedirs[l.31-filedirs[01 
filedirs(01-'C.\DATA\SeaWiFS-1998-2004-c1imatology\' 
filedirs[1,31-filedirs[0] 

I 
data_ranges-XNTARR(2 ,numvar) 

data_ranges [0,0.3]-31 
data_ranges [l,0.31-255 
data_ranges [0,0.3]-0 
data_ranges [l,0.31-252 

Specify the minimum and maximum 'good' counts for 
the images to be used as variables. Data outside 
these ranges will not be used 
31 = minimum for Msat SST images 
maximum for msat SST images 
minimum for SeaWiFS [chl-al images 
maximum for SeaWiFS [chl·al images 

;*************************************************************************************.******* 
******************************************************************************* ; land 
mask file name: The land and land boundary masks will be derived from this file 

/ 

landmask_file-filenames[O] 
landmask_dir-filedirs[O] 
landv -254 
landbv-253 

Land mask pixel count 
The land border count 

;*************************************************************************************;****** 
******************************************************************************* 

Specify the image/file to be used as back ground for the display of the clusters 
; If • land_only' is specified in the place of a file name then the display will be 
; against a blank image with only the coast line and land mask 
background_file-filenames[O] 
background_dirmfiledirs[Ol 
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;*************************************************************************************;****** 
******************************************************************************* 

Specify image and swath dimensions etc 
; 
xdim.825 
ydim-825 

I ---------
latn--5.02121212 
lats--39.97878788 

lonw-5.02121212 
lone-39.97878788 

I ---------
nblat--5.02121212 
sblat--9.00 
sdist-O.O 

swidth-370.0 

The latitutude limits of the images (latitude at the centres 
of the first and last scan lines (in ON ie. southern lats 
must be negative 
The longitude limits (longitudes at the centres of the first 

I and last oolums of pixels 

The northern and southern latitude limits of the data swath 
These must follow the same rules as 'latn' and 'lats' 
The distance from the coast to the first pixel in the swath. 
The distance will be taken as the distance between the sea~ard 
edge of the land boundary pixel and the landward edge of the 
first pixel in the swath. 
The swath width (km). Note: The width will be taken to be the 
distance from the shoreward edge of the first pixel to the 
off-shore edge of the last pixel. 

********************************************************************************************* 
******************************************************************************* 

Specify number of clusters and colours for display purposes 

PRINT,·Sorting out the colour table" 
numclus-12 1 The number of clusters to be defined 
white_disp_count-255 A count reserved for ego annotation 
black_disp_count-254 
land_disp_count-253 Land will be masked with this count in the display 
landb_disp_count-252 I Land border will be masked with this count 
clus_disp_count-BYTARR(numclus) I Clusters will be masked with these counts 
POR i-O,numclus-l DO clus_disp_count[i]-251-i 

1 The fOllowing are 20 colors plus black, grey and white which may be used to 
display the clusters as well as the land and land boundary 

; NOTE THAT THESE COLOR COMPONENTS ARE IN PERCENTAGES AND NOT IN THE NORMAL 0-255 
colors-BYTARR(3,23) 
cOlors[*,O]-[O,O,O] ° Black 
colors[*,l].[50,50,50] 1 Grey 
colors[*,2]_[100,100,100] 2 White 
colors[*,3].[73,55,40] 3 Light brown 
colors[*,4]-[35,2S,0] 4 Dark brown 
colors[*,5]_[77,69,100] 5 Light purple 
colors[*,6].[57,44,100] 6 Medium purple 
colors[*,7]-(8,8,100] 7 Light blue 
colors[*,8]-[27,100,99] 8 Medium blue 
colors[*,9]-[31,76,lOO] 9 Dark blue 
colors[*,lO]-[0,70,74] 10 Very dark blue 
colors[*,11]-[49,100,46] 11 Light green 
cOlors[*,12]-(0,73,29] 12 Dark green 
colors[*,13].[79,100,37] 13 Yellow green 
colors[*,14].[99,lOO,60] 14 Light yellow 
colors[*,15]-[100,100,10] 15 Medium yellow 
colors[*,16].[99,88,58] 16 light orange 
colors[*,17]-[lOO,76,7] 17 Orange 
colors[*,lS].[99,42,0] 18 Dark orange 
colors[*,19]-[lOO,11.8] 19 Red 
colors[*,20]-[100,69,98] 20 Light pink 
colors[*,21]-[99,17,100] 21 Dark pink 
colors[*,22]-[82,Q,78] 22 Dark purplish pink 

I Convert colors from percentages to 0-255 values 
FOR i-O,22 DO BEGIN 

FOR j. 0,2 DO colors[j,i]-ROUND«FLOAT(colors[j,i]l*255.0)/100.0) 
ENDFOR 
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Color for 'white' count 
Color for 'black' count 

white color-colors[*,2] 
black-coloraCOlors[*,O] 
land color-colors [*,ll 
Ian&; color-colors [*,4] I 

clus color-BYTARR(numclus) 

Mask land as color 3 (light brown) 
Land boundary as color 4 (dark brown) 

Iclu; color[*]-[S,7,8,9,10,11,12,15,16,17,18,21] 
Iclus-color[*]-[S,7,8,9,10,11,12,IS,16,17] 
clus-color[*]-[S,7,8,9,10,11,12,lS] 
clus-color[*1-[S,7,8,9,10,11] 
clus=colort*1-[S,7,8,9l 

112 
110 

8 
(; 

" 

CLUSTERS 
CLUSTERS 
CLUSTERS 
CLUSTERS 
CLUSTERS 

;******************************************************************************************t* 
***************************************************************************************** 

I Get the land- and land boundary masks 
I 
PRINT,landmask file,PORMAT-' (RGetting the land mask from ·,A)' 
OPENR,1uni,landmask_dir + '\' + landmask_file,/GBT_LUN 
a-ASSOC(luni,BYTARR(xdim,ydim» 
img-a[O] 
CLOSE,luni & FREE_LUN,luni 
I 
idxland-WHERE(img EQ landy, num_land) ; Index of land mask 
idxlandb-WHERE(img EQ landbv, num_landb) I Index of land border mask 
idxocean-WHERE(img HE landv AND img HE landbv, numocean) I Index of ocean pixels 

;******************************************************************************************;* 
***************************************************************************************** 

1 Get the image to be used as background for the display 

PRINT,background_file,FORMAT-' ("aetting the background image from -,A)' 
IF background file BQ 'land only' THEN BEGIN ; Use blank image with land mask 

bg_image-BYTARR(xdim,ydim) 
ENDIF ELSB BBGIN 

OPENR,luni,Dackground_dir + '\' + background_file,/GET_LUN 
a-ASSOC(luni,BYTARR(xdim,ydim» 
bg_image-a [0] 
CLOSE,luni & PREB_LUN,1uni 
I 

minbg-MIN{bg image [idxocean], HAX-maxbg) I Get minimum and maximum ocean pix value 
bg_image-- BYTSCL(bg_image,HAX-maxbg,MIN-minbg, TOP_ID.TABLB_SIZE-(numclus+S» 

ENDELSE 
first bg image-bg image 
bg_imige[idxlandl;land_disp_count 
bg_image[idxlandb]-landb_disp_count 
bg_image_with_land-bg_image 

Keep a copy of the 'raw' 
Apply land mask 
Apply land border mask 

background image 

NOTE, Throughout the program the following will prevail as far as background 
;images are concerned: 

'first_b9_imag e '= 
'bg_image_with_land' 
boundary 

the byte 
the same 

scaled background 
as 'first_bg_image' 

'bg_ image' as' bg .,image .... wi th _land' and at a 
also be written on 'copy._bg,.,image': as 'bg_image' 
display. 

later 
but 

image 
but with 

stage the 
also with 

without land 
land and land 

clusters will 
colour key for 

;*************************************************************************************;****;* 
********************************************************************************* 

; Get the index of pixels in the swath. The l-D index of pixels in the swath will; be in 
swath"index[O,*l, [1,*1 and [2,*J are the x- and y-coordinates 

I 
PRINT,"make_WCswatharray·,FORMAT-·("Call ·,A,· to define the data swath")' 

corners-[latn,lats,lonw,loneJ 

PRINT,"swathpixel_xy",PORMAT-'(ftCall -,A,· to get swath pixel coordinates R ), 

swath index-swathpixel xy(xdim,swath coords) 
a-SIZE (swath_index) - -
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numpix .. a[2] ; The number of pixels in the swath 
I 

PRINT,HGet the index of the background minus the swath-
I Get an index of bg __ image excluding the swath area (At this stage Ibg __ image l is 

the byte scaled background with land and land boundary) 
timg-b!Limage I A temporary image 
timg[swath_index]-255 
bg_minus_swath_idx-WHERE(timg HE 255,cnt) 
timg-O 

just 

;.*********************************.*******.******************************************;****** 
********************************************************w***w****************** 
Construct the array for computing the clusters 

PRINT,·Constructing the data array· 
clus_arr-LONARR«3+numvar+1),numpix) I The first 3 columns are the 1-D index of pixels 

in the swath and their x and y coordinates. The next numvar columns will contain the 
corresponding pixel counts from the images used as variables to define the clusters and the 
last column will contain the cluster number to which that pixel belongs 

clus_arr[0.2,*]-swath_index 
1 

1 
POR i-O,numvar-l DO BEGIN ; Read all the images and get the swath pixel values 

PRINT,filenames[il,PORKAT-' ("Read data from file ",A)' 
OPBNR,luni,filedirs[il + '\' + filenames[il,/GET_LON 
a-ASSOC(luni,BYTARR(xdim,ydim» 
img-a[O] 
clus_arr[3+i,*1-img[clus_arr[0,*11 ; Transfer the pixel counts 
CLOSE,luni & FREE_LON.luni 

ENDPOR 

Check the pixel counts and keep only those pixels where all the counts are within 
the specified range 

PRINT,·Cheeking the counts in the data array and keeping only the 'good' pixels· 
POR i-O,numpix-l DO BEGIN 

aBO 
POR j-O,numvar-l DO BEGIN 

IP elus_arr[3+j,i] GE data_ranges[O,jl AND $ 
elus_arr[3+j,il LE data_ranges[l,j] THEN a-a+l 

ENDFOR 

IP a LT numvar THEN elus_arr[O,i]--l 
ENDPOR 

Not all counts are good 

I 
idx-WHBRE(elus_arr[O,*] NB -1, numdata) 

the clusters are to be derived 
I numdata 

IF numdata GE 1 THEN BEGIN 
clus_arr[*,O,numdata-ll-elus_arr[*,idx] 
clus_arr-elus_arr [*,0 ,numdata-ll 

ENDIF 
I 

the number of data points from which 

I If required normalise the data (in "elus_arrn) and store in "norm arr" 

norm_arr-PLOAT(elus_arr[3, (2+numvar) ,*1) 
IP normalise EQ 'yes' THEN BEGIN 

PRINT,ftNormalising the data array· 
norm data-PLTARR(2,numvar) norm data[O,*l - the mean 

- - [1, *J - the standard deviation 
POR i-O,numvar-1 DO BEGIN 

a-MOMENT(norm_arr[i,*]l 
norm data[*,il-[a[0],SQRT(a[11)] 
norm=arr[i,*l-STANDARDIZE(norm_arr[i,*l) 

ENDPOR 
ENDIP 

;*************************************************************************************~****** 

*w*w*********************************************************************.*.*** 
Compute the clusters from the data in norm arr and apply to the background image 

157 



Univ
ers

ity
 of

 C
ap

e T
ow

n

PRINT,numclus , numdata, FORMAT. , ("Compute the",I3," clusters from",I6,ft data pointsR)' 
PRINT, FORMAT. , ("and write the clusters on the background image for display·,/) , 

wts • CLUST_WTS(nor.m_arr, N_CLUSTERS-numclus, IDOUBLE, N_ITERATIONS-30) 1 Compute the 
cluster centres 

clus - CLUSTER(nor.m_arr,wts, N_CLUSTERS.numclus) 1 Do the clustering 
clus_arr[(3+numvar),*)uclus 
nor.m_arr-O 
I 
clus_idx-LONARR (numclus ,numdata) Create an array for storing the I-D indices 

of the individual clusters 
Store here the number of points in each cluster 

; Before displaying the clusters, smoothing or saving them first sort them in sequence of 
size (number of points) with the smallest first. 

mRX_numdata.O 
FOR i-O,numclus-l DO BEGIN ; Write the clusters on 

idx-WHERE(clus_arr[{3+numvar),*1 EQ i,cnt) 
clus_numdata[il-cnt 

IF cnt GT max_numdata then mRX_numdataacnt Find out the largest number of data 
I points in an individual cluster 

IF cnt GT 0 THEN clus idx[i,O,cnt-ll-clus_arr[O,idx] 
ENDFOR 
I 

clus_idx-clus_idx[O,numclus-l,O,max numdata-ll ; Trim 'clus_idx' to remove unused part 
1 

idx=SORT(clus_numdata); Sort the clusters ie idx[O] is the column in 'clus_numdata' 
; with smallest number of element and idx[numclus-l] is the one with the largest ;number of 

elements but the column numbers are also the cluster numbers 
Rearrange clus arr - simply change the cluster numbers so that ° is the 

; smallest and numclus-l the largest 

FOR i. 0, numclus-l DO BEGIN 
IF clus_numdata[il GT ° THEN BEGIN 

a-clus_idx[idx[i),O,clus_numdata[i]-l] 
clus_arr!(3+numvar),a]-i 

ENDIF 
ENDFOR 
I 
clus_numdata-clus_numdata[idxl 
clus_idxmclus_idxtidx,*l 

Rearrange clus numdata 
Rearrange also clus idx 

FOR i-O,numclus-l DO BEGIN I Write the clusters on the background image 
PRINT,i,clus_numdata[il,clus_disp_count[il,FORMAT_$ 

'("Cluster",I3,·, Number of pixels.",I6," Apply as count",I4) I 

IF clus_numdata[i] GT ° THEN BEGIN 
bg_image[clus_idx[i,O.clus_numdata[i]-l]]-clus_disp_count[i1 

BNDIF 
ENDFOR 

;*************************************************************************************;****** 
******************************************************************************* 

; Make a colour key for the clusters and insert in a copy of bg_image 

;*************************************************************************************;****** 
******************************************************************************* 

numkey-numclus 
keylabel.STRARR(numkey) 
maxlen-O 
FOR i.l,numkey DO BEGIN 

str-STRTRIM{STRING{i),2) 
len.STRLEN(str) 
IF len GT maxlen THEN mRXlen-len 
keylabel[i-ll-str 

BNDFOR 
I 

FOR i.O,numkey-l DO BBGIN 
len-STRLEN(keylabel[i]) 
lendif-maxlen-len 
IF lendif GT 0 THEN BEGIN 
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FOR j-O,lendif-l DO keylabel[il-' , + keylabel[il 
BNDIF 

BNDFOR 
ckey-make colorkeyOl(black disp count,white disp count,numclus, [10,15],clus disp count,S 

keylabel) - - - - - - -

I 

asize-SIZE(ckey) 
key_xdim-asize[ll 
key-ydim-asize[2] 

I Get the dimensions of the key image 

Print, Rkey_xdimzw,key_xdim, Hkey_ydim.·,key_ydim 
; 
copy_bg_image.bg_image I Make a copy of bg ___ image and insert the key in the copy 

; Insert in bottom left corner 
keyxl-3 & keyx2-keyx1+(key_xdim-1) x position for inserting the key. Leave 

a border of 3 pixels 
keyyl-(ydim-l)-3-(key_ydim-1} 

lines 
; y position for insering the key. Leave a border of two 

keyy2-keyy1+(key_ydim-1) 
copy_bg_image[keyxl,keyx2,keyy1,keyy2]-ckey 

;******************************************************************************************** 
******************************************************************************* 

I Display the background image with the clusters 
; First verify that the number of cluster pixels is correct 
PRINT,RVerifying that the number of cluster pixels on the background image is correct­
FOR i-O,numclus-1 DO BEGIN 

idx-WHERE(bg_image EQ clus_disp_count[i),cnt} 
PRINT, i,cnt, FORMAT-' ("ClusterR,I3," Number of pixels on image _n,I6)' 

BNDFOR 
I 

IORDER-1 
DEVICR,DRCOMPOSBD-O 
LOADCT,O,NCOLORS-ID.TABLE_SIZE-(numclus+4} I Load monochrome color table 
I 
TVLCT,white_co1or[O] ,white_color [1] ,white_color [2] ,whit e_disp_count 
TVLCT,black_color[Ol,black_color[ll,black_color[2l,black_disp_count 
TVLCT,land_co1or[01 ,land_color [11 ,land_color [2] ,land_disp_c ount 
TVLCT, landb_color [0] ,landb_color[l] ,landb_color[2l ,landb_disp_c ount 
I 
FOR i.O,numclus-l DO BEGIN I Load cluster colors into the color table 

red - colors[O,clus_color[ill 
green-colors [l,clus_color[i]] 
blue-colors [2,clus_color[i]] 
TVLCT,red,green,blue,clus_disp_count[i] 

BNDI!'OR 
WINDOW,wnum_unsmoothed,XSIZE-xdim,YSIZE-ydim,TITLE-'Unsmoothed clusters 
TV,copy_bg_image 

;*************************************************************************************;****** 
*******************************************************************************; Perform 
boxcar smoothing of the clusters 

I 

wnum smoothed-ID.WINDOW+1 The window for displaying the smoothed clusters 
I 
smoothed_arr-LONARR(numclus*3,numpix) I Create an array in which to store the 1-D array 

index, x-coordinate and y-coordinate of pixels in the ;smoothed clusters 
I smoothed_arr[O.*J = all the 1-D indices for cluster 1 

[1,*] all the corresponding x-coordinates for cluster 1 
[2,*J = all the corresponding y-coordinates for cluster 1 
[3,*] = all the 1-D indices for cluster 2 
etc 

smoothed_clus_numdata-INTARR(numclus} Record here the number of elements in the 
smoothed clusters 

selection- [ I 0 . , f l' , r 2 I , f 3 ' , 14: r , r 5 I, r 6 I , r 7 I , 18 1 , 19'] 

maimluanu _start I 
ON_IOBRROR,bad_ma1nmenu 

inpstr-' • 

Declare a label for dealing with incorrect 
user input 
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PRINT,"Please select one of the following,· 
PRINT,· 1. Smooth all clusters· 
PRINT," 2. Smooth one or more clusters" 
PRINT,· In this operation smoothing is additive in the sense-
PRINT,· that successive smoothings are performed on the results" 
PRINT," of previous smoothing actions BUT NOTB, The array of· 
PRINT,· smoothed clusters is reset to the initial (unsmoothed)" 
PRINT," data each time this function (#2) is initiated· 
PRINT,· 3. Save display(s) as .png files· 
PRINT,· 4. Save cluster andlor smoothed cluster" 
PRINT," data as unformatted binary arrays· 
PRINT,· 5. STOP program for user action" 
PRINT," 6. Exit program 
PRINT,FORMATM'(/,.Please enter selection (1-6).·,$) I 

READ, menu 
menu. FIX (menu) 
IF menu LT 1 OR menu GT 6 THEN BEGIN 

bad mainmenu. 
PRINT,PORMATM$ 
'(II, "Incorrect entry. Must be an integer in the range 1 to 6",11)' 
GOTO,mainmenu_start 

ENDIF 
; 

CASE 1 OF 

;************************* 1. Smooth all clusters ************************* 
(menu EQ 1). BEGIN 

menul start. 
I 
smoothed_arr[*,*l-O ; Zero the array used for storing the smoothed cluster data 
bg_smoothedclusters-first_bg_image ; Create a new image to show the smoothed clusters 
I 
OPENW,lunj,clusterdir + ,\, + 'make_clusters_journal.txt',/GET_LUN I In this file record 

information on smoothing actions 
I 
ON_IOERROR,had_menula ; Declare a label for dealing with incorrect 

; user input 
PRINT,FORMAT-' (I,· Enter kernel size (3,5,7,9) or 0 (to return),-,$)' 
READ,kernel 
kernel_FIX (kernel) 
IF kernel EQ 0 THEN GOTO,mainmenu_start 
IF (kernel MOD 2) EQ 0 OR kernel LT 3 OR kernel GT 9 THEN BEGIN 

bad menula. 
PRINT,FORMAT-$ 
'(II,"Incorrect entry.The kernel must be odd and in the range 3 to 9")' 
PRINT,·or you may enter 0 to return to the main menu· 
PRINT,FORMAT-'("Please re-enter",/) , 
GOTO,menul_start 

ENDIF 
; 
PRINTF,lunj,"Smooth all clusters· 
PRINTF,lunj,kernel,FORMAT-' (·kernel size .·,12) I 

menulb start. 
ON_IOBRROR,bad_menulb ; Declare a label for dealing with incorrect 

; user input 
PRINT, FORMAT. , (/,·Bnter cut-off (0.0 - 1.0) for inclusion in cluster,·,$), 
READ, cutoff 
IF cutoff LE 0.0 OR cutoff GT 1.0 THEN BEGIN 

bad menulb. 
PRINT,FORMAT-$ 
'(/I,"Incorrect entry. The cut-off determines whiCh pixel values will beR)' 
PRINT,"included in the smoothed cluster and should be a decimal number" 
PRINT,FORMAT.' ("greater than 0.0 and less or equal to 1.0·,1) I 

GOTO,menulb_start 
ENDIF 
I 
PRINTF,lunj,cutoff,FORMAT.' ("cutoff .",F6.3)' 
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CLOSB,lunj & FREE_LUN,lunj 
PRINT,· R 
I 
FOR i.O,numclus-l DO BBGIN I Do all the clusters 

PRINT,i+l,FORMAT-' (RSmoothing cluster number",Il) , 
n-clus_numdata[il I the number of points in this cluster 
index-clus_idx[i,O,n-ll ; the I-D indices for the points 
xycoords_ARRAY INDICES(bg image, index) I The x- and y- coordinates corresponding to 

'index' - -
minx-MIN(xycoords[O,*],MAX~) 

miny-MIN(xycoords[l,*],MAX-maxy) 
smooth_img-PLTARR«maxx-miox+l)+2*kernel, (maxy-miny+l)+2*kernel) I Create a small 

'image' in which to perform the smoothing 
FOR p-O,n-l DO BBGIN I Write the cluster as 1.0 

x-(xycoords[O,pl-minx)+kernel 1 Convert the cluster coordinates to those 
y- (xycoords [1, p] -miny) +kernel I of I smoothimg 
smooth_img[x,y]_I.O 

ENDPOR 
I 

idx_smoothed-WHERE(SMOOTH(smooth_img,kernel) GE cutoff,num smoothed) 
IF num_smoothed GT ° THEN BEGIN 

xycoords-ARRAY_INDICES (smooth_img, idx_lIImoothed) I The x- and y- coordinates 
; corresponding to 'idx_smoothed' 

Write the smoothed cluster FOR p-O,num_smoothed-I DO BEGIN 
x-(xycoords[O,p]+minx)-kernel Convert the smoothed cluster coordinates to 

those of of 'bg_smoothedclusters' 
y-(xycoords [l,pl +miny)-kernel 1 

IF x GE ° AND x LE xdim-l AND Y GB 0 AND Y LE 
bg_smoothedclusters[x,y]-clus_disp_count[i] 

ENDFOR 
ENDIP 

I 
ENDFOR 

ydim-l then $ 

bg_smoothedclusters [bg_minus __ swath_idxJ =bg_image_with_land[bg_minus_swath_idx] 
step applies the background data and land masks and trims off cluster data 
Iwhich extend beyond the swath boundaries as a result of the smoothing. 

Record the coordinates of the smoothed clusters 
FOR i-O,numclus-I DO BEGIN 

idx-WHERE(bg_smoothedclusters EQ clus_disp_count[il,cnt) 
IF cnt HE ° THEN BEGIN 

xycoords-ARRAY_INDICES(bg_smoothedclusters,idx) 
smoothed_clus_numdata[il-cnt Store the number of elements 
smoothed_arr[i*l,O,cnt-ll-idx Store the I-D index for cluster i 
smoothed_arr[i*3+l,O,cnt-1J-xycoords[O] Store the x-coordinates 
smoothed_arr[i*l+2,O,cnt-ll-xycoords[lJ ; Store the y-coordinates 

BNDIF 
ENDFOR 
I 

bg_smoothedclusters[keyxl,keyx2,keyyl,keyy21-ckey I Insert the color key in the image 
with smoothed clusters 

IF ID.WINDOW LT wnum_smoothed THEN BBGIN ; If the window does not yet exist 
; then create it 

WINDOW,wnum_smoothed,XSIZE-XDIM,YSIZE-ydim, TITLE_'Smoothed clusters' 
ENDIF 
WSBT,wnum_Bmoothed 
; 

TV,bg_smoothedclusters 
I 

GOTO,mainmenu_start 
I 
END I End of '(menu EO I}I I Smooth all clusters 

;This 

**********************2. Smooth one or more clusters******************menu EQ 2) I BEGIN 
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1 When this function is entered smoothed_arr is initialised to the unsmoothed 
cluster data in clus idx. Subsequent smoothing operations performed within the 
function are performed on smoothed_arr which is updated after each smoothing 

1 operation. The effect of smoothing operations are thus additive in nature. 
However, when the function is exitted and re-enterad smoothad_arr is raset to 
the unsmoothed data ie there is no further cumulative effact. 

, 
smoothed_arr[*,*l-OL 
smoothed_clus_numdata-clus_numdata 
FOR i-O,numclus-l DO BBGIN 

cnt-clus_numdata[i] 
IF cnt GT ° THEN BBGIN 

idx-clus_idx[i,O,cnt-l] 
xycoords-ARRAY_INDICES (bg_image, idx) 
smoothed arr[i*3,Olcnt-ll-idx I 

smoothed=arr[i*3+l,O.cnt-l]-xycoords[O,*1 
smoothed_arr[i*3+2,O.cnt-ll-xycoords[1,*1 

ENDIF 
ENDFOR 
I 
IF tD.WINDOW LT wnum_smoothed THEN BBGIN 

Store the I-D index for cluster i 
Store the x-coordinates 

I Store the y-coordinates 

; If the window does not yet exist 
; then create it 

WINDOW, wnum_8moothed, XSIZE-XDIM,YSIZE-ydim, TITLE-'Smoothed clusters' 
ENDIF 
WSBT,wnum_smoothed 
I 
bg_smoothedclusters-bg_image 

TV,copy_bg_smoothedclusters 
I 

Initialise to the image with 
unsmoothed clusters and no color key 
Initialise to image with unsmoothed 
clusters but WITH COLOR KEY 

OPENW,lunj,clusterdir + '\' + 'make_clusters_journal.txt',/GET_LUN 
PRINTF,lunj, "Smooth one or more clusters" 
I 
menu2_startl 
I 
ON_IOERROR,bad_menu2a 

PRINT,numclus,FORMAT-$ 

Declare a label for dealing with incorrect 
I user input 

'(/,- Enter number of cluster to smooth (1 _B,I3,B) or ° to return to menu I ",$) , 
READ,cnumber 
cnumber-FIX{cnumber) 
IF cnumber EQ ° THEN BEGIN 

CLOSE,lunj & FREE_LUN,lunj 
GOTO , mainmenu_s tart 

ENDIF 
I 
IF cnumber LT 1 OR cnumber GT numclus THEN BEGIN 

bad menu2a. 
PRINT,numclus, FORMAT-$ 
'(II,Hlncorrect entry.The number must be in the range 1 to",I3")' 
PRINT, "or you may enter ° to return to the main menu· 
PRINT, FORMAT-' ("Please re-enter" ,I) • 
GOTO,menu2_start 

ENDIF 
I 
PRINTF,lunj,cnumber,FORMAT-'{/,"Smooth cluster no.",I3)· 

menu2b_startl 
ON_IOBRROR,bad_menu2b I Declare a label for dealing with incorrect 

; user input 
Enter kernel size (3,5,7,9).-,$)' PRINT, FORMAT. , (I,· 

READ,kernel 
kernel-FIX (kernel) 
IF (kernel MOD 2) EQ 

bad_menu2b, 
PRINT,FORMAT-$ 

o OR kernel LT 3 OR kernel GT 9 THEN BEGIN 

'CII,ftlncorrect entry.The kernel must be odd and in the range 3 to 9ft )' 
PRINT, FORMAT-' ("Please re-enter" ,I) • 
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GOTO,menu2b_start 
ENDIl" 
I 
PRINTl",lunj,kernel,l"ORMAT-' (ft 

I 
menu2c_start. 

kernel size .",I2)' 

ON_IOERROR,bad_menu2c ; Declare a label for dealing with incorrect 
; user input 

PRINT,l"ORMAT-' (/,"Enter cut-off (0.0 - 1.0) for inclusion in cluster.·,$)' 
lImAD,cutoff 
Il" cutoff LE 0.0 OR cutoff GT 1.0 THEN BEGIN 

bad_menu2c. 
PRINT,l"ORMAT=$ 
'(//,"InCorrect entry. The cut-off determines which pixel values will beR)' 
PRINT,"included in the smoothed cluster and should be a decimal number" 
PRINT,l"ORMAT-' ("greater than 0.0 and less or equal to 1.0·,/)' 
GOTO,menu2c_start 

E!!lDIl" 
; 

PRINTl",lunj,cutoff,l"ORMAT-' (0 cutoff .",1"6.3)' 
I 
PRINT,cnumber,l"ORMAT-' (/,"Smoothing cluster number",I3,/) I 

j_cnumber-l 
xcol-(j*3l+1 
ycol-xcol+l 
n-smoothed_clus_numdata[jl I the number of points in this cluster 
xycoords-smoothed_arr[xcol,ycol,0,n-1J I The x- and y- coordinates 
I 
minx-MIN(xycoords[O,*],MAX_maxx) 
miny-MIN(xycoords[l,*],MAX=maxy) 
smooth_img-l"LTARR«maxx-miox+l)+2*kernel, (maxy-miny+l)+2*kernel) I Create a small 

; 'image' in which to perform the smoothing 
l"OR p-O,n-l DO BEGIN 

x-(xycoords[O,p]-minx}+kernel 
y-(xycoords[l,p]-miny)+kernel 
smooth_img[x,y]-l.O 

I Write the cluster as 1.0 
Convert the cluster coordinates to those 
of • smooth_img 

E!!lDl"OR 
I 
smooth_img-SMOOTH(smooth_img, kernel) 
idx_smoothed-WHERE(smooth_img GE cutoff,num_smoothed) 
11" num_smoothed EQ ° THEN BEGIN 

PRINT,l"ORMAT-' (/,"No pixels in the cluster after smoothing. Cancel operation")' 
PRINTl",lunj,l"ORMAT.· (/,nNo pixels in the cluster after smoothing. Cancel operation")' 
GOTO,menu2d_start 

ENDIP ELSE BEGIN 

I 

The x- and y- coordinates 
corresponding to 'idx_smoothed' 

l"OR p.O,num_smoothed-1 DO BEGIN I Write the smoothed cluster 
x.(xycoords[O,pl+minx)-kernel ; Convert the smoothed cluster coordinates 

Ito those of of 'bg_smoothed clusters' 
y-(xycoords[l,p]+miny)-kernel 
Il" x GE ° AND x LE xdim-l AND y GE ° AND Y LE ydim-l then $ 

bg_smoothedclusters [x,y]-clus_disp_count [j] 
E!!lDl!'OR 

bg_smoothedclusters[bg_minus_swath_idx]=bg_image_with_land [bg_minus_swath_idxl 
This step applies the background data and land masks and trims off cluster data which extend 
beyond the swath boundaries as a result of the smoothing. Record the coordinates of the 
smoothed clusters. NOTE. It is necessary to do ISO for all clusters because the smoothing of 
one cluser my result in overwriting other clusters 
; 

l"OR i.O.numclus-l DO BEGIN 
idx-WHERE(bg_smoothedclusters EQ clus_disp_count[i),cnt) 
11" cnt NE ° THEN BEGIN 

xycoords-ARRAY INDICES(bg smoothedclusters,idx) 
smoothed_clus_numdata[il-cnt ; Store the number of elements 
smoothed_arr[i*3,O,cnt-lj-idx I Store the I-D index for cluster i 
smoothed_arr[i*3+1,O,cnt-lj-xycoords[0,*] Store the x-coordinates 
smoothed_arr[i*3+2,O,cnt-ll-xycoords[1,*1 I Store the y-coordinates 

E!!lDII!' 
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ENDFOR 
I 

cOPY_Dg_smoothedclusters-bg_smoothedclusters 
copy_bg_smoothedclusters[keyxl.keyx2,keyyl.keyy2]-ckey I Insert the color key in a 

copy of the image with smoothed clusters 
I 
TV,copy_bg_smoothedclusters 
I 

ENDELSE 
; 

menu2d_start. 

inpstr.·· 
PRINT,FORMATa'(/,"Smooth another cluster? (y/n) ,.,$) , 
READ,inpstr 
inpstr.STRLOWCASE(inpstr) 
1 

IF inpstr HE 'y' AND inpstr HE 'n' THEN BEGIN 
PRINT,PORMAT_$ 
'(//,"Incorrect entry. Please enter y or n (or r to return to the menu·,/), 
GOTO,menu2d_start 

ENDIF 
I 

IF inpstr EO 'y' THEN GOTO,menu2_start 
I 
CLOSB,lunj & FREE_LUN,lunj 
1 
GOTO,mainmenu_start 
I 

END 1 End of '(menu EO 2)' 1 Smooth one particular cluster 

; ************** 3. Save display(s) as .png files ********************** 
(menu EO 3), BEGIN 

menu3a_start. 
; 
inpstra " 
PRINT,PORMATa' (/,·Save unsmoothed cluster image? (y/n or r to return to main menu).·,$), 
READ,inpstr 
inpstr-STRLOWCASE(inpstr) 
IF inpstr EO 'r' THEN GOTO,mainmenu_start 
IF inpstr HE 'y' AND inpstr HE 'n' THEN BEGIN 

PRINT,FORMAT_$ 
• (//, "Incorrect entry. Please enter y or n (or r to return to the menu) ",/) , 
GOTO , menu3 a_s tart 

ENDIF 
I 

IP inpstr EQ 'y' THEN BEGIN 
inpstr.·· 
PRINT,·'.png'·,FORMAT-$ 
• (REnter the output file name (Note, a ",A,· will be automatically added")' 
PRINT,PORMAT-$ 
'("Also note that if the file already exist it will be overwritten ,",$)' 
RBAD,inpstr 
WSET,wnum_unsmoothed 
a-TVRD(O,O,TRUBa3) 
sizea-SIZE(a) 
b-BYTARR(sizea[3J,sizea[lJ,sizea[2]) 
b[O,*,*]aa[*,*,O] 
b[l,*,*Jaa[*,*,l] 
b[2,*,*]-a[*,*,2] 
IWRITE_JPEG,inpstr + '.jpg',a,TRUB=3,OUALITY-IOO,ORDER-1 
WRITE_PNG,inpstr + '.png',b,ORDERal 

ENDIF 

wset,-l ; Re-locate latest window number 
1 

IF ID.WINDOW GT wnum_unsmoothed THEN BEGIN A smoothed cluster image exist 
menu3b start. 
inpstra " 
PRINT, FORMATa' (/,·Save smoothed cluster image? (y/n or r to return to main menu).·,$), 
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READ,inpstr 
inpstr-STRLOWCASE(inpstr) 
IF inpstr EQ 'r' THBN GOTO,mainmenu_start 
IF inpstr HE 'y' AND inpstr HE 'n' THBN BEGIN 

PRINT,FORMAT-$ 
'(II,-Incorrect entry. Please enter y or n (or r to return to the menu",/), 
GOTO,menu3b_start 

ENDIF 
; 

IF inpstr BO 'y' THEN BEGIN 
inpstr-" 
PRINT,"'.png'·,FORMAT-$ 
• ("Enter the output file name (Note. a ·,A," will be automatically addedR)' 
PRINT,FORMAT-$ 
'("Also note that if the file already exist it will be overwritten .",$)' 
READ,inpstr 
WSBT,wnum_smoothed 
a-TVRD(O,O,TRUE-3) 
sizea-SIZE(a) 
b-BYTARR(sizea[3] ,sizea[l] ,sizea[2]) 
b[O,*,*]-a[*,*,O] 
b[l,*,*l-a[*,*,ll 
b[2,*,*1-a[*,*,2] 
;WRITR_JPEG,inpstr + '.jpg',a,TRUE-3,QUALITY-100,ORDBR-1 
WRITE_PNG,inpstr + '.png',b,ORDER-l 

RNDIF 
; 

RNDIF 

1 

; End of • (menu EO 3).' I Save display(s) as .pug files 

---------- 4. Save cluster data and/or smoothed cluster -----------­
data as unformatted binary arrays 

(menu BO 4). BEGIN 

inpstr-" 
PRINT,FORMAT-' (I, RSave unsmoothed cluster data? (yin or r to return to main menu).·,$)' 
READ,inpstr 
inpstr-STRLOWCASB(inpstr) 
IF inpstr EO 'r' THEN GOTO,mainmenu_start 
IF inpstr HE 'y' AND inpstr HE 'n' THEN BEGIN 

PRINT,FORMAT-$ 
• (II, "Incorrect entry. Please enter y or n (or r to return to the menu·,/) , 
GOTO,menu4a_start 

RNDIF 

; 

IF inpstr EO 'y' THRN BEGIN 
inpstr-" 
PRINT,PORMAT-$ 
• (RBnter the output file name Note that if the file already")' 
PRINT, FORMAT-' ("exist it will be overwritten .",$)' 
READ,inpstr 
data fn-clusterdir + '\' + inpstr 

I Structure a header file name 
inplen-STRLBN(inpstr) 
IF inplen EO ° THBN GOTO,menu4a_start 
inparr-STRARR(inplen) 
FOR i-O,inplen-l DO inparr[i]-STRMID(inpstr,i,l) 
idx-WHERE(inparr BO ',',cnt) check for an extention 
1 
IF cnt BO ° THEN BEGIN I If no extention then just add ',hdr' 

hdr_fn-data_fn + '.hdr' 
BNDIF ELSE BBGIN I If name includes an extention then first remove it 

hdr_fn_STRMID(inpstr,O,idx[O]) + '.hdr' 
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",A) • 

ENDELSE 
hdr fn-clusterdir + '\' + hdr_fn 
I 
I Save the data and write a header file 
OPENW,luni,data_fn,IGET_LUN 
WRITEU,luni,clus_arr 
CLOSE,luni & FREE_LUN,luni 

OPENW,luni,'C.\CLUSTER l\hdr fn\',IGET LUN 
PRINTF,luni"uclus arrn.,'Bmake clusters vl.pro"',SYSTIME(),FORMAT-$ 
• ("Header file for-·,A," generated by R,A,· on ",A)' 
PRINTF,luni,data_fn,FORMAT_'(Uand saved in file ·,A}· 
I 
PRINTF, luni, 3+numvar+l,numdata, FORMAT. $ 
'(/,WIt is a LONARR(·,I3,·,·,I6,W) array where."), 
PRINTF,luni,FORMAT-$ 
'(0 The first 3 columns contain the I-D index, x-coordinate and y-coordinte·)' 
PRINTF,luni,numvar,FORMAT_$ 
'(" The next",I3,· column are the variable data")' 
PRINTF,luni,numclus-l,FORMAT-$ 
,(n and the last column contains the cluster numbers (O-",I3,")")' 
; 
PRINTF,luni,numclus,numvar,FORMAT-$ 
'(/,"The",I4," clusters were generated from",I3," images.")' 
FOR i-O,numvar-l DO PRINTF,luni,filenames[i] ,FORMAT.' (4X,A)' 
I 
PRINTF,luni,nblat,sblat,FORMAT-$ 
'(Wfor a swath between·,F7.2,·oN andW,F7.2,nON"), 
PRINTF,luni,sdist,swidth,FORMAT.$ 
• ("startingU,I4,·km from the coast andu,I4,nkm wide")' 
I 
PRINTF,luni,H'wts'",FORMAT.' (/,"The cluster centres returned by CLUS_WTS as array 

PRINTF,luni,numvar,numclus,FORMAT.· (Hit is an ",I3," column by",I3,· rowarrayH)' 
PRINTF,luni,FORMAT.· ("that is a column for each variable (image) and a row for each 

cluster.", Il 
; 

IF normalise NIl: 'yes' THEN BEGIN I The data was not normalised 
PRINTF,luni, RNOTB. The data set was not normalised before cluster analysis H 
fmt_str.'(· + STRTRIM(STRING(numvar-l),2) + ·(F8.2, .," ),F8.2)· 
FOR i-O,numclus-l DO PRINTF,luni,wts[*,i],FORMAT-fmt_str 

ENDIF ELSE BEGIN I The data was normalised 
PRINTF,luni, wNOTE: The data set was normalised before cluster analysis. The 

following" 
PRINTF,luni, "are 
PRINTF,luni, " 
PRINTF,luni, • 
I 

(1) the means and standard deviations used for the normalisation" 
(2) the cluster centres in normalised units and" 
(3) the cluster centres in non-normalised units. 

fmt_stra' (. + STRTRIM(STRING(numvar-1),2) + '(F10.4, "," ),F10.4)' 
PRINTF,luni,FORMAT.·{/,"(l) Means (1st row) and standard deviations (2nd row),W)' 
PRINTF,luni,norm_data[O,*],FORMATafmt_str 
PRINTF,luni,norm_data[l,*],FORMAT-fmt_str 
I 

fmt_str.' (' + STRTRIM (STRING (numvar-l) ,2) + • (F8.4, R,. ),F8.4)' 
PRINTF,luni,FORMAT-'{/,"(2) Cluster centres in normalised unitsU)' 
FOR i.O,numclus-1 DO PRINTF,luni,wts[*,i],FORMAT-fmt_str 
I 
fmt_str.'(· + STRTRIM(STRING(numvar-1),2) + '(F8.2, B,. ),F8.2)' 
PRINTF,luni,FORMAT.' (/,H(3) Cluster centres in non-normalised units·)' 
FOR i.O,numclus-1 DO BEGIN 

a .. FLTARR(numvar) 
FOR j .. O,numvar-1 DO BBGIN 

a[jl-(wts[j,i]*norm_data[l,j]) + norm_data[O,j] 
ENDl!"OR 
PRINTp,luni,a[*l,pORMAT-fmt_str 
I 

ENDpOR 
ENDELSE 
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********************************************************************************************* 
******************************************************************************* 

I 
CLOSE,luni & PREE_LON,luni 

ENDIP 
I 
IP to.WINDOW GT wnum_unsmoothed THEN BEGIN A smoothed cluster image exist and 

thus also a data array 
menu4b_start. 
inpstr.' , 
PRINT, FORMAT a , (/,-save smoothed cluster data? (y/n or r to return to main menu).·,$)· 
READ,inpstr 
inpstr-STRLOWCASE(inpstr) 
III' inpstr EQ 'r' THEN GOTO,mainmenu_start 
IP inpstr HE 'y' AND inpstr HE 'n' THEN BEGIN 

PRINT,PORMAT .. $ 
'(//,"Incorrect entry.Please enter y or n (or r to return to the menu·,/)' 
GOTO,menu4b_start 

ENOrP' 
I 
III' inpstr EO 'y' THEN BEGIN 

inpstr.' , 
PRINT,FORMAT-$ 
• (WEnter the output file name. Note that if the file already existR), 
PRINT,FORMAT.' ("it will be overwritten .n,$) I 

READ,inpstr 
data_fn-clusterdir + '\' + inpstr 
I Structure a header file name 
inplenaSTRLEN(inpstr) 
III' inplen EQ ° THEN GOTO,menu4a start 
inparr-STRARR(inplen) -
POll. i.O,inplen-l DO inparr[i].STRNIO(inpstr,i,l) 
idx.WHERE(inparr EO '.',cnt) check for an extention 
I 

IF cnt EO ° THEN BEGIN If no extention then just add '.hrlr' 
hdr fn-data fn + '.hdr' - -

ENOIF ELSE BEGIN I If name includes an extention then first remove it 
hdr_fn-STRNIO(inpstr,O,idx[O]) + '.hdr' 

ENOELSE 
hdr fn-clusterdir + '\' + hdr_fn 

; Save the data and write a header file 
OPENW,luni,data_fn,/GET_LON 
WRITEU,luni,smoothed_arr 
CLOSE,luni & FREE_LON,luni 
I 

OPENW,luni,'C,\CLUSTER l\CLUSTER IDL PRG\hdr fn',/GET LON 
PRINTF,luni,'"smoothed_arrn',lnmake=clusters_vl.proR7,SYSTIMB(),PORMAT-$ 
• (RHeader file for II ,A,· generated by • ,A,· on • ,A) • 
PRINTF, luni,data_fn, FORNAT_' (Wand saved in file R,A) I 

; 

PRINTF,luni,numclus*3,numpix,FORMAT-$ 
'(/,-It is a LONARR(",I3,·,n,I6,") array 
PRINTP, luni,numclus, FORMAT_$ 

where.")' 

• (ft There are 3 columns for each of",I3,· clusters. 1-0, x- and y-coordinates") I 

PRINTF,luni,FORMAT-$ 
• (" The number of data values vary from cluster to cluster as follows.·)' 
FOR i.O,numclus-l DO PRINTF,luni,i+l,smoothed_clus_numdata[i],$ 

FORMAT-' (n Cluster",I3,· number of points .-,15)' 
I 
PRINTF,luni,numclus,numvar,FORMAT-$ 
• (/, "Theft, 14, ft clusters were generated from",I3," images. R)' 
POll. i.O,numvar-l DO PRINTF,luni,filenames[i],FORMAT-' (4X,A)' 
I 
PRINTF,luni,nblat,sblat,FORMAT-$ 
'(Rfor a swath between",F7.2,RoN and",F7.2,RON"), 
PRINTF,luni,sdist,swidth,FORMAT.$ 
'(Rstarting",I4,"km from the coast and",I4,Rkm wideR)' 
I 

PRINTF,luni,.'wts'·,FORNAT.' (/,"The cluster centres returned by CLUS_WTS as array R,A) I 
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PRINTF, luni,numvar,numclus, PORMAT-' (WIt is an ",13," column by·,I3,· row array")' 
PRINTP, luni,PORMAT. ' (Rthat is a column for each variable (image) and a row for each 

cluster.",/) 
I 

IF normalise NB 'yes l THEN BBGIN I The data was not normalised 
PRINTF,luni, "NOTB, The data set was not normalised before cluster analysis" 
fmt_str. 1 (I + STRTRIM (STRING (numvar-l) ,2) + • (FS.2, "," ),FS.2)' 
FOR i.O,numclus-l DO PRINTF,luni,wts[*,i],FORMAT-fmt_str 

ENDIP BLSB BBGIN I The data was normalised 
PRINTF,luni, KNOTR. The data set was normalised before cluster analysis. The 

following" 
PRINTF,luni, Rare 

normalisation" 
(1) the means and standard deviations used for the 

PRINTF,luni, • 
PRINTP,luni, • 

(2) the cluster centres in normalised units and­
(3) the cluster centres in non-normalised units. 

I 
fmt str. 1 (I + STRTRIM(STRING(numvar-l),2) + I (FlO.4, "," ),FlO.4)' 
PRINTF, luni, FORMAT.' (/,ft(l) Means (1st row) and standard deviations (2nd row),-) I 

PRINTF,luni,norm data[O,*],FORMAT.fmt str 
PNTF,luni,norm_data[l,*l,FORMATafmt_str 

fmt str.I(1 + STRTRIM(STRING(numvar-l) ,2) + I (FS.4, ",- ),FS.4)' 
PRINTF,luni,FORMAT.·(/,ft(2) Cluster centres in normalised units·)' 
FOR i-O,numclus-l DO PRINTF,luni,wts[*,il,FORMAT-fmt_str 
I 
fmt str.' (' + STRTRIM (STRING (numvar-l) ,2) + ·(F8.2, "," ),FS.2) I 
PRINTF,luni,FORMATa'(/,"(3) Cluster centres in non-normalised units")' 
FOR i.O,numclus-l DO BRGIN 

a-FLTARR(numvar) 
FOR j-O,numvar-l DO BEGIN 

a[jl-(wts[j,i]*norm_data[l,j]) + norm_data[O,j] 
ENDFOR 
PRINTF,luni,a[*l,FORMAT-fmt_str 
I 

BNDFOR 
ENDBLSB 
I 

PRINTF,luni,FORMATa'(/,"Smoothing consisted of.·)· 
OPBNR,lunj,clusterdir + '\' + 'make_clusters_journal.txt',/GBT_LON 
impstr-'I 
WHILB NOT EOF(lunj) DO BBGIN 

RBADF,lunj,inpstr 
PRINTF,luni,inpstr 

ENDWHILE 
I 
CLOSE,lunj & FREE_LON,lunj 
I 

CLOSE,luni & FREE_LON,luni 
ENDIF 
I 

BNDIF 

I 
GOTO,mainmenu_start 

I End of '(menu EQ 4).' I Save data 

;*************************************************************************************;****** 
********************************************************************************************* 
********** 5. Temporarily stop the program ***************************** 

(menu EQ 5), BEGIN 
PRINT, FORMAT. , (II, "The program will stop now. Enter .cont to carry on",//)' 
STOP 
GOTO,mainmenu_start 
; 

END I End of '(menu EQ 5).' I Temporarily stop the program 

1*************************************************************************************;****** 
******************************************************************************* 
;********************** 6~ Exit **************************************************** 

(menu EQ 6), BEGIN 
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menu6 start. 
inpstr-' , 
PRINT, FORMAT-' (/,"Do you want to exit the program? (y/n) ,",$) , 
RBAD, :l.npstr 
inpstr-STRLOWCASE(:l.npstr) 
I 

IF inpstr HE 'y' AND inpstr HE 'n' THEN BEGIN 
PRINT,FORMAT-$ 
• (//, "Incorrect entry. Please enter y or n",/)' 
GOTO,menu6_start 

BNDIP 
I 
IF inpstr EQ 'y' THEN BEGIN 

PRINT, FORMAT-' (//,"Exitting",//)' 
GOTO, exit_label 

BNDIF BLSB BEGIN 
GOTO,mainmenu_start 

ENDBLSE 
1 

BND I Bnd of • (menu EQ 6),' I Exit 

I 

ENDCASE 

exit_label, 
jfn-clusterdir + '\' + 'make_clusters_journal.txt' 
FILE_DBLBTB,jfn,/QUIBT 

I 
END 

£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 

20 PENTADE 

YBAR .. 2000 
MONTH-12 
day .. 25 
PBNTADB-INTARR(2,6) 
PBNTADB[*,*]_[1,5,6,lO.11,15.16,20,21.25,26,31] 
pent .. O 
FOR :1.-0,5 DO BEGIN 
IF day GB PENTADE[O,i] AND day LE PENTADE[l,i] THEN pent-i+l 
PRINT, pent 
BNDFOR 
ystr .. STRTRIM(string(year),2) 
IF MONTH GT 9 THBN BBGIN 
mstr-STRTRIM(string(month).2) 
ENDIF ELSE BEGIN 
mstr-'O'+ STRTRIM(string(month).2) 
BNDELSE 
pstr-STRTRIM(string(pent),2) 
chlfile_RchlR+ystr+mstr+"pR+pstr+".bil" 
SSTfile .. RbR+ystr+mstr+RpR+pstr+R.sstR 
PRINT. chI file 
PRINT,SSTf:l.le 
BND 

£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 

A test procedure to read Filipe Vianda's CTD data files. 
This procedure reads and stores the following: 
NOTE. 'sdepth' is the depth to be sampled. Depth is decoded 
(Depth x 2 characters: Characters 29 to 30) 
but not stored 
Station number = 4 characters. Characters 4 to 7 
Latitude = 4 characters: Characters 8 to 11. Decimal degrees S. Two decimals 
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Longitude .. 5 characters. Characters 12 to 16. Decimal degrees E. Two decimals 
Year '" 4 characters. Characters 
Month 2 characters. Characters 
Day = 2 characters. Characters 
sdepth Temperature " 4 characters: Characters 
sdepth Salinity .. 5 characters. Characters 
sdepth Oxygen 4 characters: Characters 

decimals 

Written by J.J.Agenbag MCM 12 Sep 2006 
I 

17 to 
21 to 
23 to 
31 to 
35 to 
56 to 

outputdir.·C.\CLUSTER_l\CONGO PLUME\CTD SALINITY\' 
outfilename. , CTD_5_1997-2000_SURVBYS , 
I 

CD,outputdir,CURRENTaworkdirO 
outpath-outputdir + ,\, + outfilename 
OPENW,luno,outpath,/GET LUN 
PRINT, outpath, FORMAT-' (/,·open output file ",A,/)' 
CD,workdirO 

datadira·C.\DATA\CTD_DATA_ICES_FORMAT\' 
CD,datadir,CURRENT-workdirO 
I 

num_inputdirs a 6 I Number of input directories 

20. 
22 
24 
34. Decimal ·C. Two decimals. 
39. Decimal ppt. Three decimals 
59. Decimal ml oxygen per liter.Two 

input dir-STRARR(num inputdirs) 
input=dir[0,1]-['1994_2003_ICBS\QUERY-2001402-X-X-X-X-X','1994_2003_ICES\QUERY-2001406-X-

X-X-X-X'] 
input_dir[2,3]-['1994_2003_ICBS\QUERY-2002403-X-X-X-x-x','1994_2003_ICBS\QUERY-200240&-X­

X-X-X-X'] 
input_dir[4,5]-['1994_2003_ICBS\QUERY-2003404-X-X-X-X-X','1994_2003_ICBS\QUERY-2003408-X­

X-X-X-X,] 
linput_dir[6,7]-['1994_2003_ICES\QUERY-2000403-X-X-X-X-X','1994_2003_ICES\QUERY-2000408-

X-X-X-X-X' ] 

sdepth-5 ; The depth for which temperature, salinity and oxygen data are 
I extracted 

num vars-9 Number of variables to read 
var=chars-INTARR(3,num_vars) I The start and end characters in the input string plus 

number of decimals 
var_chars[*,*]-[4,7,0, 8,11,2, 12,16,2, 17,20,0, 21,22,0, 23,24,0, 31,34,2, 35,39,], 

56,59,2] 
I 
varnames-STRARR(num_vars) 
varnames[0.5].['Station no.','Year','Month','Day','Latitude','Longitude'] 
varnames[6,num_vars-1]-['20m Temperature ' ,'20m Salinity', '20m Oxygen'] 

num_rec_skip-1 I Skip this number of records before starting to read data 

stv-[0,3,4,5] 
vars_st-INTARR(4,20000} I Store here the standard (integer) output components ie. 

Station number, year, month and day. The number of records is unknown at this sta~e. 
nonstv-[1,2,6,7,8] 
vars_nonst-FLTARR(5, 20000) I The non-standard output variables ego latitude,longitude, 

temperature, salinity and oxygen 

irec- -1 Row index for • vars ~ ... s t· and 'vars nons t • 
FOR i=0,num_inputdirs-1 DO BEGIN 

CD,input_dir[i],CURRENT-workdirl 
file_list-FINDFILE('*.dos',COUNT-num_files) 
I 

FOR j-O,num fi1es-l DO BEGIN 
file name-file list[j] 
pathname-datad!r + ,\, + input_dir[i] + '\' + file_name 
PRINT,pathname,FORMAT-' (RReading file R,A}' 
OPENR,luni,file_name,/GET_LUN 
str .. 1 I 

IF num_rec_skip GT ° THEN BEGIN 
FOR k-O,num_rec_skip-l DO READF,luni,str Read and discard the first record(s) 
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ENDIF 
I 
WHILE EOP(lunil HE 1 DO BEGIN 

READP,luni,str 
I 
substr-STRMID(str,29,2} 
depth-O 
READS,substr, depth 
II' depth LT sdepth THEN BEGIN 

GOTO, label_read_next_record 
ENDIF ELSE BEGIN 

IF depth GT sdepth THEN BEGIN 

I Read all other records 

Get the depth 

I Check for correct depth 

PRINT, sdepth,FORMAT. , ("No·,I3,·m data in this file")' 
PRINTF,luno,sdepth, file_name, FORMAT. , ("No",I3,"m data in file ",A)' 
GOTO, label_read_next_file 

ENDIP 
ENDELSE 

This is the record for the specified depth. Extract the data 
irec-irec+l 
I 
POR k-O,num_vars-l DO BEGIN 

cl-var_chars[O,k] 
c2-var_chars[1,kl 
ndec-var_chars[2,k] 
nc-c2-cl+l 
substr-STRMID(str,cl,nc) 
var-OL 
READS,substr,var 
idx-WHERE(stv EQ k,cnt) 
I 

IF cnt HE 0 THEN BEGIN 
vars_st[idx,irec]-var 

ENDIF ELSE BEGIN 

Decode all the variables 

idx nonst-WHERE(nonstv EQ k,cnt nonst) 
var;FLOAT(var)/(lO.OAndec) -
vars_nonst[idx_nonst,irec]-var 

ENDELSE 
I 

ENDFOR 
GOTO,label_read next file 

I 

label_read next record. 

End of 'FOR k=O,num_vars-l DO BEGIN' 
Data for the specified depth has been 
extracted. Go do next file. 

ENDWHILE 
I 

; End of 'WHILE EOF(luni) HE 1 DO BEGIN' 

label_read_next file, 
CLOSE,luni & FREE_LUN,luni 

ENDFOR I End of 'FOR j=O,nwu_.files-l DO BEGIN' 
1 
CD,workdirl ; Go up to previous directory level 

ENDFOR End of 'FOR i=O,num_inputdirs-l DO BEGIN' 

I Output 
I 

PRINT,outpath,FORMAT-' (/,·outputting data to ",A)' 

; Print column headers 
1'011. i-O,num_vars-2 DO BEGIN 

PRINTP,luno,varnames[i],FORMAT-' (A,",·,$)' 
ENDPOR 
PRINTF,luno,varnames[num_vars-l] ,FORMATs' (Al' 
; 

I Print the data 
1'011. i-O,irec DO BEGIN 

FOR j-O,3 DO PRINTF,luno,vars st[j,il,PORMAT-' (1,·,·,$)' 
FOR j-O,3 DO PRINTF,luno,vars=nonllt[j,i] ,FORMATs' (1',.,.,$) • 
PRINTF,luno,vars_nonst[4,il,FORMAT.' (F)' 

ENDPOR 
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CLOSE,luno & PREE_LON,luni 
; 

PRINT,PORMAT-' (/,"All done")' 
I 
E~ 

EEEEEEE££££££££££££££££EE££E£££££££££fff£f£££££££££E£E£££f£££f££££££££££££££££££££f£f£f£££f£f 
ffff£ff£££££fff£££££f£f£f££ff££ff£f£££££££££f£f£fff£f£f££££££££££££f£££f£££££££ 

This function is intended to create an array defining a swath parallel to 
the southern African west coast - an array such as needed by function 
'swathpixel_xy'. 
NOTE: This function ONLY work on the west coast !I 

It returns a 2-D integer array of three columns where 
the first column contains the line number (y-coordinate) 
and the other two columns the start and end pixel numbers 
(x-coordinates) defining the swath width for that line. 
Note, The first x-coordinate will be that of the pixel nearest the 

and inside the swath. The second x-coordinate will be the one 
furthest from the coast and the last pixel still in the swath. 

Inputs required, 
image The image (2-D byte array) for which the swath is to be 

defined. It MUST contain a land mask 
latn and lats The latitudes at the centres of the first and last lines 

in 'image'. Must be decimal degrees and in ON (ie southern 
hemisphere latitudes are negative) 

lonw and lone Longitudes at the centres of the first and last pixels. Must 
be decimal degrees and °E (ie western hemisphere longitudes 
are negative) 

nblat and sblat The northern and southern latitude boundaries for the swath 
These must follow the same rules as nlat and slat 

sdist The distance (kID) from the coast to the first pixel in the 
swath (ie the one nearest the coast). The distance will be 
taken as the distance between the seaward edge of the land 
boundary pixel and the landward edge of the first pixel in 
the swath. 

swidth the swath width (kID). Note, The width will be taken to be the 
distance from the shoreward edge of the first pixel to the 
off-shore edge of the last pixel. 

landb mask The land border or land mask pixel count. Note this count will 
be used to find the location of the coast and the coast will 
be taken to be the west-most land mask value found in a 
particular scan line. 

Written by J.J.Agenbag MCM November 2005 

FUNCTION make_WCswatharray,image,latn,lats,lonw,lone,nblat,sblat,sdist,swidth,$ 
landb_mask 

I 
asize-SIZE (image, IDIMBNSIONS) 
xdim-asize[Ol I x dimension of the image 
ydim-asize[l] ; y dimension 

x-pixel_size • DOUBLE(ABS(lonw-lone»/DOUBLE(xdim-l.O) 
y-pixel_size - DOUBLE(ABS(latn-lats»/DOUBLE(ydim-l.O) 

The x/y to lat long conversions are given by, 
latitude - nlat - y * y-pixel_size 

; longitude • wlon + x * x-pixel_size 
y - ROUND«nlat - latitude)ly-pixel_size) 
x • ROUND«longitude - wlon)/x-pixel_size) 

I 

pixel x-dimension (degrees) 
pixel y-dimension (degrees) 

nline-ROUND(DOUBLE(latn - nblat)ly-pixel_size) 
IP nline LT 0 THEN nline - 0 

The northern-most line in the swath 
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IF nline GT ydim-l THEN nline • ydim-1 
sline-ROUND(DOUBLE(latn - sblat)/y~ixel_size) I The southern-most line in the swath 

IF sline LT 0 THEN sline = 0 
IF sline GT ydim-1 THEN sline - ydim-1 

fline-MIN{[nline,sline],MAX-l1ine) ; The first and last scan lines in the swath 
numlines-lline-fline+1 

Determine the x-dimension of a pixel in kilometer at a position half way between 
nlat and slat 

I 

clat-(nblat+sblat)/2.0 
lon1-lonw + 1.0* x~ixel_size I The longitudes of two adjacent pixels 
lon2-lonw + 2.0* x~ixel_size 
a-MAP 2POINTS(lonl,clat,lon2,clat,/METERS) 
pix_xsize-alO]/lOOO.O ; The x-dimension of the pixel in kilometers 
PRINT,pix_xsize 

1 Convert 'sdist' and 'swidth' from kilometer to number of pixels 
sdist~ix-ROUND(FLOAT(sdist)/pix_xsize) sdist in number of pixels 
swidth~ix.ROUND(FLOAT(swidth)/pix_xsize) I swidth in number of pixels 
I 
outarr-INTARR(3,numlines) 
1 
i--l 
FOR j-fline,lline DO BEGIN 

i-i+l 
idx-WBERB{image[*,j] EO landb_mask,cnt) 
x_landb-idx [0] 
fpix-x_landb - sdist~ix-l 

Ipix-fpix - swidth~ix +1 
outarr[*,i]-[j,fpix,lpix] 

ENDFOR 

RETURN,outarr 

I The output array 

DO all the lines 

I The westernmost land mask pixel 
The x-coordinate of the first 
pixel in the swath 
The last pixel in the swath 

END 
£££££££££££££££££££££££££££f£f£f£f£££f£f£££f£££££££££££££££££££££££££££££££££££££££££££££££££ 
£££££££££££££££££££££££££££££££££££££££££££f£f£f£££££fff£££££££££££££££££££££££ 

23 COMPUTATION OF UPWELLING INDICES FROM METEOSAT SST IMAGES 
; PROGRAM TO COMPUTE MEAN .... SST FOR UPWELLING PURPOSE 
IMEAN_SST IS COMPUTED FROM EACH SCAN LINE 
;IDL PROGRAM WRITTEN BY VIANDA L.L. FILIPE /UCT MSc STUDENT (2005/2006)" 
;SUPERVISOR DR. KOBUS AGENBAG (HCM/CAPE TOWN) 
I 

img_dir_'C.\DATA\METEOSAT_MONTHLY_COMPOSITES\' 
im5Lstr .. ' *. sst' 
I 
out_dir.·c.\UPWBLLING\' 
out_fila.'UPWELLING_ONSHORE_SST.txt' 
1 

,STARTING AND ENDING TIME (YEAR,MONTH & IMAGES) 
startyear-l987 
andyaar_2002 
start_month .. 1 
end_month-l2 
start_imgal 
end_img .. l 
I 
,GEOGRAPHICAL COORDINATES OF THE IMAGE 
I 
start_lata-S.OO 
and_lat .. -40.00 
start_lon-S.OO 
end_lon .. 40.00 

,Pixel Samples (nber of columns), Scan lines (nber of rows), Xsize & Ysize 
I 

xdim-650 
ydim .. 650 
ysize-(start_lat-end_lat)!ydim 
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xsize.{end_lon-start_lon)!xdim 
; 

PRINT,ysize,xsize 
1 
;Lentgh of the swath 
; 
swath_widthl .. 12 
swath_width2 .. 24 

;km (Distance between the coast and the first point offshore) 
Ikm 

I 
y .. 106 obtained from the centre of the region,values 

obtained from RDPIX (yl=543;y=649-543=106) 
xl-Sol 
x2 .. S5 

Value of the first pixel in the scan line y=106 
Value of the second pixel in the scan line y=106 

I 

; CONVERSION OF Xl AND X2 INTO LONGITUDE 1 AND LONGITUDE 2 

lonl- start_lon+(xsize!2)+xl*xsize 
lon2- start_lon+(xsize!2)+x2*xsize 
I 
Print, ft lonl- ft ,lonl,"lon2.-,lon2 , 
,GEOGRAPHICAL COORDINATES OF A GIVEN REGION (In this case, Angola) 

latn .. -5.0212 
lats--17.33 , 
,CONVERSION OF GEOGRAPHICAL COORDINATES OF THE REGION (lst,long) into X,Y COORDINATES , 
yn-ROOND«(start_lat-latn)!ysize)-O.5) 
ys .. ROOND«(start_lat-lats)!ysize)-O.5) 

yl (for latn) 
y2 (for lats) 

,TEMPERATURE RANGE ACCEPTABLE IN ANGOLAN WATERS 

minT-l2 I minimum temperature 
maxT .. 32 I maximum temperature 
,CONVERSION OF TEMPERATURES(DECIMAL) INTO DIGITAL NUMBERS (DN) 
I 

minval-2*(55-maxT) 
maxval-2*(55-minT) 
min-percent_good .. 30 , MINIMUM PERCENTAGE OF GOOD SST REQUIRED IN A SWATH 

n .. l2*{(end_year)-(start_year)+I) ,TOTAL NUMBER OF BINARY FILES 
Print,n ; number of files 
arr .. STRARR(n) 
darr-INTARR(n) 
barr-INTARR(n) 
numfile .. -l 
MODE- 2 
; THE FOLLOWING SUBROUTINE ALLOWS TO LIST ALL BINARY FILES 
FOR year-start-year,end-year DO BEGIN 

str-year-STRTRIM (string (year) ,2) 
IF MODE EQ 1 THEN BEGIN 

IF year GT start-year THEN BEGIN 
sm-l 
em .. 12 

IF year EQ end-year THEN BEGIN 
sm .. l 
em-end_month 

ENDIF 
ENDIP ELSE BEGIN 

sm-start_month 
em .. 12 

ENDELSE 
ENDIF ELSE BEGIN, mode 2 

sm-start_month 
em-end_month 

ENDELSB 
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FOR month-sm,em DO BEGIN 
numfile-numfile+l 

ENDFOR 

IF month GT 9 THEN BEGIN 
str_month-STRTRIM(string(month),2) 

ENDIF ELSE BEGIN 
str_month.·O·+ STRTRIM(string(month),2) 

ENDELSE 
img_str-'b'+ str-year + str month +'.sst' 
arr(numfile)-img_str 
barr[numfile]-year 
darr[numfile]-month 

ENDFOR 
Print,arr 
1 
;******************************************************************************************** 
******************************************************************************* 

img_str-img_dir+'*.sst' 
img_list-FINDFILE(img_str,count=num_img) 
I 

file-path-img_dir + arr(O) 
OPENR,luni,file-path,/GET_LUN ; READING THE FIRST IMAGE 
a-ASSOC(luni,BYTARR(xdim,ydim» 
image-a (0) 
CLOSE,luni & FRBE_LUN,luni 
; 

y_start-Min([yn,ys]); COMPUTE THE MINIMUM LATITUDE AS THE STARTING LAT 
y_end- Max([yn,ys]l; COMPUTE THE MAXIMUM LATITUDE AS THE ENDING LAT 

********************************************************************************************* 
******************************************************************************* 
swath_mask-BYTARR(xdim,ydim) 
swath_arr-INTARR(3,numrows+l) 
yi--l 
1 
FOR y-y_start,y_end DO BEGIN 
yi-yi+l 

CONVERSION OF Y INTO THE CORRESPONDING LATITUDE 

laty- start_lat-(ysize/2)-y*ysize 
I 

ICOMPUTATION OF THE PIXEL SIZE USING MAP-2POINTS (LONGITUDES LONI & LONG2 ARE ,CONSTANTS $ 
AND LATITUDE, A VARIABLE VARYING BETWEEN START_.LAT AND END __ LATl 

I 

xd1ml-MAP_2POINTS(lonl,laty,lon2,laty,/meters)/1000I XDIMI/IOOO CONVERTING MINTO KM 
I 

idxawhere (image [*,yl EQ 29,cnt) 
I 
x coast-idx(O) I FIRST PIXEL FOUND AT THE COAST (BORDER) 
x=swath_widthl-ROUND(Float«swath_widthl)/(xdiml») I NUMBER OF PIXELS BETWEEN THE 

COAST AND THE FIRST SWATH 
x_swath_width2-ROUND(Float«swath_width2)/(xdiml») 

xll .. x coast 
x12-(xll-ll-(x_swath widthl) 
x13 .. (x12+1)-(x_swath_width2) 

I X VALUE OF THE COAST 
I X VALUE OF THE FIRST SWATH 

PRXNT,y,·xll .. n,xll,nx12=",x12,nx13z·,x13,"xdiml-·,xd1ml, nx_swath_widthl.·, 
x_swath_widthl,·x_swath_width2 .. ·, x_swath_width2 

I 
swath_arr(*,yi)-[y,x12,x13] ISTORING ALL Y COORD. AND THE CORRESPONDING XLl AND XL2 

INTO SWATH_ARR 
I 
swath_mask(x13.x12,y)-255 

ENDFOR 
Print,swath_arr 
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;******************************************************************************************** 
******************************************************************************* 
idx land.WlmRB(image Bg 30,nUlll idx land) 
idx-border-Wlma:a:(image Bg 29,nUm idx border) 
swath mask[idx landl-120 --
swath=mask[idx=borderl a 200 
1 
Print,WnUlll_idx_land_n,nUlll_idx_land,Rnum idx border.",num idx border 
I 

IORDER-l 
wnum-ID.WINDOW+l 
WINDOW,wnUlll,XSIZB-xdim,YSIZB-ydim 
TVSCL,swath_mask > 100 < 255 
TV,swath_mask 
;print,swath_mask[66.139,158] 
;*******************************************************************************"************* 
******************************************************************************* 
min-pixels-ROUND«min-psrcent_good/100.0)* x_swath_width2) 
Print,min-pixels 
n_imagss-numfile 
I 
OPENW,luno,out_dir+out_fils,/GBT LUN; OPEN AN OUTPUT FILE 
I 

FOR j.O,n_images DO BBGIN ; PROCESSING OF ALL IMAGES 
file-path-img_dir + arr(j) 
index-WHBRE(1mg_list Bg fils-path,count); CHECK ANY MISSING IMAGE 
; 

IF count NlI 0 THEN BBGIN 

OPENR,luni,file-path,/GET_LUN 
a-ASSOC(luni,BYTARR(xdim,ydim» 
image-a CO) 
CLOSB,luni & FRBB_LUN,luni 

avsragss-FLTARR(2,numrows) 
;*************************************************************************************;****** 
******************************************************************************* 

HOW TO FIND THE CORRESPONDING IMAGE VALUES FROM Y AND XLI AND XL2 

FOR i-O,numrows-l DO BEGIN 

y .. swath_arr [0, iJ 
xl2.swath_arr[i,iJ 
x13-swath_arr[2,i] 
I 
SUBIMAGB-image[x13:x12,yl 
1 
idx.Wlma:a: (SUBIMAGB GT 30 AND SUB IMAGE GT minval AND SUBIMAGB LE maxval,ct) 

EXCLUDE ALL CLOUDS,BORDER, LAND AND ALL DN OUTSIDE 

TEMP. RANGE SPECIFIED FOR ANGOLA 
SST-55,O-(SUBIMAGE/2,O) 

; 

; THE 

IF ct GE min._pixels THEN BEGIN ; A minimum number of good pixels is REQUIRED to 
compute the mean SST 

mean SST-MEAN(SST(idx» 
aver;ges[O,i] .. swath_arr[O,il 
averages[l,il.mean_SST 

ENDIP ELSB BBGIN ;if the number of good 
than the file is rejected by writing -99.999 

averages[O,iJ-swath_arr[O,il 
averagss[1,il--9999,99 

BNDBLSB 

lmDFOR 

ENDIF BLSE BBGIN 
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ENDELSE 
;THE FOLLOWING SUBROUTINE ALLOWS TO WRITE THE OUTPUT IN A SPECIFIC OUTPUT FILE. 
PRINTF,luno,arr(j) 
PRINTF, luno, averages 
I 

ENDFOR 

Close,luno & FREE_LON,luno 
I 
END 

##################################### END ###################### 
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