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Abstract

18 years of satellite sea surface temperature (SST) data are used to analyze the surface expression of the Angola- Benguela Frontal Zone (ABFZ). The ABFZ is the convergence zone of the southward- flowing Angola Current and the northward extent of the Benguela upwelling regime. It is identified as a region of closely- spaced isotherms or, more specifically, a region of consistently steep SST gradients. Throughout the period of study, the mid-frontal position remained relatively stable and was situated at about 16°15’S in winter and 16°S in summer. The frontal zone is broader by about 1° of latitude in austral winter than in austral summer. At a distance of 30km offshore the frontal zone is situated between 15°S and 17.5°S in winter and between about  15.5°S and 17°S in summer. Further offshore the frontal zone becomes more diffuse (i.e. weaker SST gradients over a broader region) and the mid-frontal position is situated more northwards than its position inshore, implying a northwesterly orientation of the ABFZ. At a distance of 250km offshore the front is situated between 15°S and 17°S. At a distance of 30km offshore the frontal zone is characterized by SST gradients of 1°C per 20-33km in winter to 1°C per 11- 15km in summer and corresponding temperature ranges across the frontal zone of 4°C and 5°C respectively. The average temperature in the frontal zone is 22.5°C in summer and 18°C in winter.  From Hoffmöller plots of SSTs and SSTAs for the 18 year period, warm anomalies are observed in 1984, 1986, 1988, 1991, 1995 and 1998/99 and cool periods are identified in 1982/83, 1992 and 1997. The warm events of 1984 and 1995 have been distinguished as Benguela Niño events due to their similarity to the El Niño phenomenon off the coast of Peru. Both the 1984 and 1995 warm events experienced a southward penetrating warm anomaly that reached its most southern extent (23°S and 25°C respectively) in March, coincident with the southward intrusion of Angolan water. The 1984 event experienced elevated temperatures of 5°C to 6°C, which lasted for about 6.5 months, whereas the temperature anomaly of the 1995 lasted for a couple of weeks less than that and the anomaly was an increase in temperature of about +6°C to +8°C. All of the minor warm anomalies reached their maximum disturbance later in the year and, in most cases, in phase with the seasonal upwelling event in winter. Both of the major cool events are associated with an anomalous upwelling event between December and March from about 15.5°S to 23°S and cooler water than usual flowing southwards. The major warm events cause a southward displacement of the ABFZ to between 22°S and 25°S about a month after the peak disturbance. The warm anomalies persist until at least 500km offshore, but the marked southward displacement occurs only until a distance of 100km offshore. The cool anomalies persist only to a distance of between 100km to 250km offshore, but do not significantly affect the position of the ABFZ.     

Background
The extensive upwelling regime off the west coast of southern Africa is an integral component of the successful fishing industry that exists there and as such it was documented as early as 1902 (Schott). The distinct northern boundary of the upwelling regime converges with the southward flowing Angola Current. This zone of convergence is the Angola- Benguela Frontal Zone (ABFZ).


It has been shown that the position of the front is best defined as the region of steepest temperature gradients between the Angola and Benguela systems. From visual analysis of Gosstcomp satellite sea surface temperature (SST) images, Meeuwis and Lutjeharms (1990) concluded that the region of closely-spaced isotherms with SST gradients of between 1°C per 28km and 1°C per 90km best described the position of the front. Using this method, they found that the surface expression of the frontal zone was between 15°S and 18°S and that steep SST gradients extended to a distance of 250km offshore.


From analysis of the steep SST gradients indicative of the frontal zone, seasonal variations of the front have been studied in detail by Shannon et al.(1987), Meeuwis and Lutjeharms (1990) and Kostianoy and Lutjeharms (1999). All have noted that the mid-frontal position fluctuates seasonally within about 2° of latitude. Meeuwis and Lutjeharms (1990) noted that the frontal zone was most clearly developed in austral summer with steepest SST gradients. In winter the front was less distinct with weaker temperature gradients. The front was observed to extend further offshore during the spring and summer than during winter when the cold Benguela upwelling regime penetrates northwards.


Using in situ data from the South African Data Centre for Oceanography (SADCO) and satellite SST data from the NOAA-9 and Nimbus-& satellites, Shannon et al. (1987) showed that the front extends to a depth of 200m, but is particularly noticeable in the upper 50m, and that the thermal surface expression, identified as the zone of maximum horizontal temperature gradient, is representative of the subsurface location. Because of this, the use of only satellite SST data in studies of the ABFZ is justified. 

From a long time-series (1908- 1985) of SST in the region of the ABFZ, Taunton- Clark and Shannon (1988) concluded that anomalous warm events have occurred throughout the environmental record with a periodicity of about 10 years. The similarity of these warm events with the El Niño phenomenon that occurs off the coast of Peru was first described by Schott (1931) and subsequently by several others, amongst whom was Shannon et al. (1986) who coined the term ‘Benguela Niño’ to describe El Niños Atlantic counterpart. Taunton-Clark and Shannon (1988) found evidence of the occurrence of Benguela Niños in 1908, 1923, 1934, 1950, 1964, 1974 and 1984. Although the Benguela Niños recur on a decadal cycle, minor warm anomalies have been observed throughout the record and appear to occur more frequently. Major cool anomalies have also been documented and also appear to occur every 10 years.


Within this report, satellite SST data spanning 18 years from 1982- 1999 are used to investigate the seasonal and interannual variability of surface thermal characteristics of the frontal zone. Also, the nature of the warm and cool anomalies will be described in detail and the response of the ABFZ to such episodes will be monitored.
 Data and Methods


The data used for this study are from the envifish data set and are monthly mean sea surface temperature (SST) values for the period from January 1982 to December 1999. The SST data are obtained from the 5-channel Advanced Very High Resolution Radiometers (AVHRR) on board the NOAA -7, -9, -11 and -14 polar orbiting satellites. The data was collated for the Cloud and Ocean Remote Sensing around Africa (CORSA) project of the Marine Environment Unit of the Space Applications Institute of the Joint Research Centre of the European Commission. The mean monthly data are mapped on a rectangular projection grid of 1000x775 pixels representing the area from the equator to 40°S and from 2°W to 29°E. There are 25 pixels per degree of latitude and longitude and the corresponding nominal ground resolution is 4.5km.


From comparisons with in situ data (COADS) and data from another AVHRR product (Pathfinder) it was found that envifish SST data from September 1992 to August 1994 was up to 2.5°C warmer than both the COADS and Pathfinder data sets.  This was corrected by removing the mean of the elevated values from the erroneously high period (September 1992 to August 1994) and replacing it with the mean of the SSTs outside of it (January 1982 to August 1992 and September 1994 to December 1999).


Matlab software was used to process the envifish data and to extract monthly sea surface temperature (SST), a climatology, interannual SST anomalies (SSTAs) and SST gradients. The SSTAs were calculated by subtracting the climatology from the actual SSTs. In order to remove the long-term warming tendency, the SSTA data were detrended using Matlab software. The SST gradients were obtained by calculating the difference in temperature between two chosen points along the transect. The values obtained were then smoothed in order to aid visualization. The gradients were calculated under the assumption that the front runs perpendicularly to the coast. Since this is not always the case, the SST gradients are likely to be slightly underestimated, especially offshore. The 18-year based climatology was created by calculating the mean of SST for each month from January to December. 

Although weekly composite data are also available from the envifish data set, mean monthly data were used as it produces a more complete data set as a result of much of the cloud cover being removed by averaging over a longer period of time. Nevertheless, it was necessary to firstly identify the ‘gaps’ in the data-set due to cloud cover and then to fill them by interpolation. Where SST values were equal to the flag value of 8°C, which corresponds to a missing data, a NaN (Not-a-Number) was assigned. The NaN values were filled by spatially averaging the first pixels on either side of it that contained valid data. 


Rather than analyzing a meridional one, a transect following the coast was found to better represent the frontal zone, the regions to the north and particularly the upwelling regime to the south of the ABFZ. It appeared that a meridional transect might cut through the upwelling regime a short distance south of the frontal zone regardless of proximity to the coast near the ABFZ and is likely to lead to misinterpretation by taking into account only a limited part of the coastal upwelling regime.


A distance of 30km offshore for the coastal transect was found to be optimal to study the coastal expression of the front. The frontal characteristics are distinct at this distance without any interference from coastal features. 

The seaward extent of the ABFZ was investigated from transects 100km, 250km, 500km and 700km offshore. 


In order to easily visualize the warm and cool events, monthly sea surface temperature anomalies were spatially averaged along the 30km offshore transect between 10°S and 20°C and plotted against time (Figure 4.4.2). The time-series was detrended in order to remove the overall warming trend. An annual average of the SST for the frontal zone and for the regions north and south was calculated in order to remove the seasonal signal and to observe the long-term trends of each area separately (Figures 4.2.2 and 4.2.3).

RESULTS

The ABFZ

Seasonality and location 

Figure 1 is the climatology of the SSTs from the equator to 30°S of a transect 30km offshore and it shows that the region of closely-spaced, zonally-oriented isotherms, indicative of the ABFZ, lie between 15°S and 17.5°S. The average temperature within the frontal zone ranges from 18°C in winter to 23°C in summer. A definitive characteristic of the ABFZ is its relatively extreme temperature range, which varies, in general, from 5.5°C in summer to 4° in winter.

The dominant mode of variability both to the north and to the south of the ABFZ is a strong seasonal signal. North of the frontal zone, seasonal heating and cooling results in the southward penetration of warm Angolan water (>22°C) from August to March over about 10° latitude and its rapid northward retreat from May to August.  A region of elevated SSTs exists throughout the year at about 6°S and is likely to be due to input from the Congo River. 

[image: image1.emf]Detrended average SSTAs 30km offshore (10°S-20°C)
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The ABFZ is bounded to the south by the Benguela upwelling regime, which brings cold water (<16°C) to the surface particularly during winter when upwelling-favourable winds prevail in this region. The major upwelling event begins in March, but intensifies and moves northwards markedly in April. The most northerly extent of the intense seasonal upwelling is at about 17.5°S and occurs in August. The upwelling then begins to subside and cool water retreats southwards, most rapidly during November. Despite the distinct seasonal upwelling signal south of the front, the Luderitz upwelling cell (+-27° S) persists throughout the year due to prevailing southerly winds in that region. The permanently cool water off Luderitz can be identified in Figure 1.

[image: image2.emf]Long term warming trend north, south and within the ABFZ 
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[image: image3.emf]Mean monthly temperatures in the frontal zone (15°S- 17.5°S) for 1984, 

1998 and 1995.
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Fig. 1. Climatology of SSTs of a transect 30km offshore extending from the equator to 30°S.
An inherent feature of the ABFZ is the extreme temperature contrast between its boundaries. For this reason, a plot of the SST gradients in the area of interest explicitly identifies the location of the front. Figure 2 is a climatology of the SST gradients calculated from the 18 years of data, encompassing the same area of the climatology of SSTs (Figure 1). The ABFZ is immediately evident as the region of consistently steep SST gradients between 15°S and 17.5°S.

[image: image4.emf]Monthly mean SSTAs in the frontal zone (15S- 17.5S).
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Fig. 2. Climatology of SST gradients of a transect 30km offshore extending from the equator to 30°S.

In terms of the steepness of SST gradients, the ABFZ is most intense between September and April and least intense from May to August. Although the position of the front remains relatively stable throughout the year, its width varies seasonally and the mid-frontal position fluctuates only slightly. Between September and December very steep SST gradients of the order of 1°C per 14km persist from 15.25°S to approximately 17°S.  The SST gradients steepen (1°C per 11km -12.5km) from January to April, but exist in a narrower region, between 15.5°S to 16.5°S.  In winter the SST gradients in the frontal zone are weakest (1°C per 20- 33km), particularly during June and July and is broadest, existing between 15°S to 17.5°S.  Table 1 shows that although the width of the front varies from 1° to 2.5° of latitude, the mid-front position fluctuates seasonally between only 0.25°. In winter the mid-frontal position moves southwards by 0.25° to 16.25°S from its most northerly position of 16°S in summer.
Table 1. Thermal characteristics of the ABFZ at a distance of 30km offshore.

	
	Position
	Temperature Range
	Mean Temperature
	Width
	Mid- Frontal Position
	Range of SST Gradients

	January - April
	15.5°S - 16.5°S
	20.5°C- 25°C
	22.75°C
	1 °
	16 °S
	1°C per 11-12.5km

	May - August
	15°S - 17.5°S
	16°C - 20°C
	18°C
	2.5° 
	16.25° S
	 1°C per 20- 33km

	September - December
	15.25°S – 17°S
	20°C - 23°C
	21.5°C
	1.75° 
	16.125°S
	1°C per 12.5- 15.5km-1



Two other zones of significantly steep SST gradients worthy of note exist at 6°S and 27°S (Figure 2), coincident with the mouth of the Congo River and the Luderitz upwelling cell respectively. Steepest gradients at 6°S are from April to November. The zone of strongly negative (i.e. warming southwards) SST gradients that correspond to the Luderitz upwelling cell at 27°S is least intense in winter when upwelling in this region is at a minimum. The steepest SST gradients occur in spring and summer and roughly correspond to the upwelling maximum that occurs between October and December.  

Offshore extent and orientation

The climatology of SSTs at distances of 100km, 250km, 500km and 700km offshore were also created but are not shown. From these plots it appears that the strong upwelling event during winter occurs until at least 100km offshore, but there is little evidence of it at 250km offshore. The cool cell south of 15°S during winter at a distance of 250km offshore is likely to be a result of seasonal cooling, as the temperature does not drop below 17°C. However, a cell of cool water (<16°C) exists from about 25°S until at least 30°S, which may be upwelled at that position or upwelled water from closer inshore that is advected seawards during winter.  At 500km and 700km offshore there is no sign of upwelling; the minimum temperature of 17°C in winter, south of 23°S and 25°S respectively, is likely to be merely a result of seasonal cooling. North of 15°S the pattern of seasonal heating and cooling is similar, except that isotherms become more widely spaced (i.e. the range of temperatures decreases) with distance offshore.  The region of closely-spaced isotherms that are definitive of the ABFZ is less distinct and is wider further offshore, but by 500km the isotherms are regularly spaced and the zonal banding of isotherms that indicate a front is not present.  

Hoffmöller plots of the climatology of the SST gradients at distances of 100km, 250km, 500km and 700km offshore (not shown) illustrate that the ABFZ is less intense (i.e. weaker temperature gradients persisting over a broader region) with increasing distance from the coast. 100km offshore the ABFZ is present between ±12.5°S and 17.25°S and has typical SST gradients of about 1°C in 20- 40km. Steepest gradients occur in the region 15°S – 17.25°S during spring and autumn and are weakest during winter. Other than a brief and slight southward movement during spring, the position of the front remains very stable throughout the year. The ABFZ is present at 250km as a diffuse, but nonetheless distinct region of consistently steeper SST gradients that is relatively stable and exists between 12°S and 16°S. Typical SST gradients in this region are in the range 1°C in 25- 50km-1 and are slightly elevated during spring and summer.  At 500km offshore SST gradients in the region between 12°S and 16°S are low (±1°C per 50km), but are consistently higher than the surrounding area, thus indicating that there is a weak frontal signal at this distance offshore.  700km offshore, a region of consistently elevated SST gradients exists between about 8°S and 15°S during spring and summer. This suggests that vestiges of the frontal zone, though exceptionally weak, extend further offshore during summer months than during winter. 

The fact that the ABFZ appears to move northwards with distance offshore implies that it is oriented in a roughly northwesterly direction. 
Interannual Variability

Figure 3 is a plot of the actual SSTs from the equator to 30°S of a transect 30km offshore for the 18 year period.  The 22°C and 16°C isotherms are overlaid in order to highlight the movement of the warm Angolan water and the cool water originating from the Benguela upwelling regime. The ABFZ lies between these two distinct bodies of water and, aside from unusually warm or cold episodes its position appears to have remained relatively stable throughout the period of study. The dominant mode of variability in this region is clearly the seasonal signal, but periodic irregularities occur that are worthy of investigation.
Figure 3 reveals the abnormally far southward penetration of warm water, most markedly during 1984 and 1995, but also evident in 1986, 1988 and 1991 and, other than 1997, the period from 1995 to1999 is consistently warmer than usual. These warm anomalies can be roughly quantified by taking note of the southward extent of the 22°C isotherm, which is usually situated at approximately 17°S. The most southerly position of the 22°C isotherm was 22°S in 1984, 18°S in 1988 and 23°S in 1995. The extended warm period from 1995 to 1999 (with the exception of 1997) resulted in a southern extent of, on average, 18°S of the 22°C isotherm   Both the 1984 and 1995 warm intrusions are followed by a less intense upwelling cycle in winter, suggested by the fact that the 16°C isotherm does not migrate as far north as its usual (and relatively consistent) northward extent of about 16°S. During the winter upwelling of 1984 the 16°C isotherm reaches only as far north as ±17.5°S and during the winter of 1995 it extends to ±17°S. The SSTs remain notably warm north of the ABFZ during the winters of 1984 and 1995. A significant difference between the warm episodes of 1986, 1988 and 1991 and those of 1984 and 1995 is that the former are followed by winter upwelling of typical intensity.  The warm episode in the middle to late nineties appears to be a general warming trend and as such the winter upwelling cycles are consistently weak and do not extend as far north as usual; the 16°C isotherm extending to only ±17°S on average.
Cooler SSTs than usual are evident during 1982, 1983, 1992 and 1997. These ‘cool’ years are associated with the southward penetration of abnormally cool water and a relatively intense winter upwelling event.
[image: image5.emf]Monthly mean SSTAs in the frontal zone  (15S- 17.5S).
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Fig. 3. Hoffmöller plot of the SSTs of a transect 30km offshore extending from the equator to 30°S for the period from January 1982 to December 1999.

Long-term trends

From Figure 3, a general warming trend is evident and appears to have affected the both the Angolan and Benguela systems. Figure 4 is a plot of the mean annual SSTs for the regions north (equator- 14°S), south (18°- 30°S) and within the ABFZ. It shows the major anomalies as well as the warming trends for each sector. The annual mean temperature north of the frontal zone increased by 3°C, within the frontal zone it increased by 3.5°C, while an increase of only 1°C occurred in the Benguela upwelling regime.  For both systems, a marked increase in temperature seems to have happened between 1992 and 1995. A similar plot of the mean annual SSTs of a transect 250km offshore (not shown) shows that the frontal zone and the region north of it experienced a temperature increase of 2°C over the 18 year period, while south of the frontal zone an overall warming of 1°C was noted. From a study of variability in the south- east Atlantic during the 20th century conducted by Taunton-Clark and Shannon (1988), an overall warming of 1°C was noted between the 1920’s and 1985.
[image: image6.emf]Mean SST gradients in the frontal zone (15S-17.5S).
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Fig. 4.  Plot of the mean SSTs of a 30km offshore transect in the regions of the frontal zone and those to the north and south of it, for the period from January 1982 to December 1999.

Anomalies

The SSTAs from the equator to 30°S of a transect 30km offshore for the period from 1982 to 1999 are illustrated in Figure 5. The two major warm events or, Benguela Niños, of 1984 and 1995 are obvious and correspond to strongly positive SSTAs that extend far south of the ABFZ. The warm events of 1986, 1988, 1991, 1996, 1998 and 1999 previously described, correspond to positive SSTAs north of and within the frontal zone, but do not extend south of the ABFZ. The major cool events during this period, namely the 1982, 1983, 1992 and 1997 events, correspond to the distinct negative anomalies in the region of the frontal zone. 

Shannon et al. (1986) described the 1984 warm event in detail and concluded that similarly extreme positive anomalies occur about once every ten years. The decadal cycle of the major warm events or Benguela Niños has since been substantiated by analysis of a long time series of SST data by Taunton-Clark and Shannon (1988).  Though Figure 5 shows only 18 years of data, the recurrence of major positive anomalies is consistent with the decadal cycle revealed in previous studies.
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Fig. 5. Hoffmöller plot of the SSTAs of a transect 30km offshore extending from the equator to 30°S for the period from January 1982 to December 1999.

Figure 6 is a timeseries of the detrended monthly mean SSTAs in the region of the frontal zone (10°S to 20°S) of a transect 30km offshore. The major warm anomalies of 1984 and 1995 are evident and both experienced an average positive anomaly of about 3°C, but the positive anomaly of 1984 seems to have persisted for longer. The minor warm anomalies of 1986, 1988, 1991, 1996, 1998 and 1999 produced temperature increases of between 1.5°C and 2.5°C. The major cool events of 1982/83 and 1997 involved temperature decreases of 2°C and 3°C respectively, while the minor 

cool events were associated with negative anomalies of about -1.5°C. 
Hoffmöller plots of SSTAs from the equator to 30°S, at distances of 100km, 250km, 500km and 700km offshore (not shown) give an indication of the seaward extent of the anomalies identified in Figure 5.  The warm anomalies of 1984, 1995, 1996, 1998 and 1999 persist until at least 700km offshore, but they are substantially less intense and are far less extensive than closer inshore. The major cool anomalies of 1982/ 83 and 1997 extend to between 100km and 250km offshore and remain fairly intense until at least 100km from the coast.
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Fig. 6. Plot of the mean SSTAs between 10°S and 20°S of a transect 30km offshore extending from the equator to 30°S for the period from January 1982 to December 1999.

1984 and 1995 Benguela Niños


Although the Benguela Niño events of 1984 and 1995 were similarly severe, differences existed between the surface thermal characteristics of each. Despite these differences, it has been shown by Shannon et al., (1986) that the forcing mechanism of the major events are similar and Carton and Huang (1994) distinguishes them from the anomalies that are less extreme and not considered to be major, such as the warm event of 1988. 
Figures 7(a) and (b) show the SSTs of a 30km offshore transect (equator to 30°S) for the periods November 1983- October 1984 and November 1994- October 1995 respectively. In terms of SSTs, the 1984 and 1995 events are very similar, except that the anomalous southward displacement of Angolan water appears to have lasted longer in 1984, but extended further south in 1995. 


For both events, the displacement characteristics of the 22°S isotherm will be used to investigate the southward penetration of the unusually warm water. At the limit of its southerly displacement in March 1984, the 22°C isotherm was situated at 22°S. During the 1984 event the 22°C isotherm began its northerly retreat in March and by May it was situated at approximately 16°S. From May it began to move southwards once again to a position of 17.5°S in June at which point it began its final northward retreat. The 1984 Niño therefore effectively occurred as a ‘double-event’, this is in agreement with the findings of Shannon et al., (1986), who, from sea-level and satellite data, found that though the major intrusion commenced its retreat in April, in situ data indicated that SSTs off Walvis Bay remained unusually high until at least August. Because the warm intrusion of 1984 lasted for longer, it encroached on the upwelling regime, thereby suppressing the northward extension of cool, upwelled water.  The most northerly extent of intense upwelling (indicated by the 16°C isotherm) was 20°S and occurred in August.     
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Fig. 7(a) and (b). Hoffmöller plots of the SSTs of a transect 30km offshore extending from the equator to 30°S for the period from November 1983 to  October 1984 and from November 1994 to October 1995 respectively.

The most conspicuous difference between the 1984 and 1995 Benguela Niños is that the latter appears to have extended further south, but to have persisted for a shorter period of time than the 1984 event. The movement of the 22°C isotherm as seen in Figure 7(b) substantiates this. Like the 1984 event, its southerly extent is during March but it is situated at 23°S. It retreats steadily northwards from March and by May it is as far north as15°S. Because it does not encroach as much into the period of upwelling as the 1984 event, cool, upwelled water penetrates as far north as 18°S in August. 

Figure 8 is a plot of the mean monthly SSTs in the frontal zone for the 1984, 1995 and 1988 warm events as well as the climatology of the mean monthly SSTs. A similar pattern is evident for both events, whereby the mean temperature in the frontal zone is highest in March, drop fairly rapidly until May and then increase again until June at which point they drop relatively steadily, with a minimum in July and from there a gradual increase. In 1984 the mean temperature in the frontal zone in March was about 25°C and in July it was approximately 18°C, while the slight temperature maximum in June had a mean temperature of 22°C. The mean temperature in the frontal zone during March 1995 was 27°C, dropping to about 19.75°C by May and decreasing gradually until August, aside from a slight temperature maximum of 20°C in June.    The major perturbation during the 1995 event was therefore more extreme than during 1984 and occurred from January to April. From May to December, although the temperatures did not quite approximate a ‘normal situation’ they dropped markedly. Although the 1984 event also experienced greatest temperatures from January to April, its temperatures did not decrease as notably and the mean temperatures in the frontal zone remained warmer from May to October than during the 1995 event.   The warmer temperatures in the frontal zone in the winter of 1984 validate the fact that the warm intrusion inhibited the northward advance of cool, upwelled water, more so than during the 1995 event.
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Fig. 8. Plot of the mean SSTs in the frontal zone of a transect 30km offshore extending from the equator to 30°S for the period of the warm anomalies of 1984, 1988 and 1995. Also plotted is the climatology of the mean SSTs in the frontal zone.
Figures 9(a) and (b) show the SSTAs of a transect 30km offshore for the periods from November 1983 to October 1984 and November 1994 to October 1995. Figure 9(a) shows the ‘double-event’ that occurred in 1984 and shows that positive anomalies of between +5°C and +6°C existed until approximately 23°S in March. The warm anomaly of 1995 was stronger and temperatures were elevated by about 6 to 8°C as south as 25°S in March. 

Figure 10 is a plot of the monthly mean SSTAs in the frontal zone (15°S- 17.5°S) 30km offshore for both of the major warm events and for the minor warm episode of 1988. From this plot it is evident that the positive anomaly in the frontal zone in 1984 lasted for about 6.5 months (about mid-January to August), while the 1995 warm anomaly lasted for 6 months from about mid- January to mid-July. Although the 1984 event lasted for only a couple of weeks longer than the 1995 event, its positive anomalies from May to August were significantly higher.
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Fig. 9(a) and (b). Hoffmöller plots of the SSTAs of a transect 30km offshore extending from the equator to 30°S for the period from November 1983 to  October 1984 and from November 1994 to October 1995 respectively.
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Fig. 10. Plot of the mean SSTAs in the frontal zone of a transect 30km offshore extending from the equator to 30°S for the period of the warm anomalies of 1984, 1988 and 1995.

Minor Warm Events


From a Hoffmöller plot of the SSTAs from November 1987 to October 1988 (not shown) and from Figure 10 it can be seen that the peak of the major positive SST anomaly of 1988 occurred in May. The Hoffmöller plot shows that the warm anomaly in May was most pronounced within the frontal zone and north of it.   Prior to this however, unusual warming is evident south of the frontal zone between January and April but seems to be an isolated event as the anomaly does not extend north of the frontal zone. The implication of this is that the forcing mechanism of the first anomaly is likely to be locally driven, while the latter, more intense anomaly is probably forced by a similar mechanism to the Benguela Niño events, but slightly later in the year. This has been shown by Carton and Huang (1994). Because the major anomaly that occurred later in the year did not extend very far south, it does not appear to have inhibited the winter upwelling regime, which appears to have resulted in very typical cool temperatures within the frontal zone (see Figure 8).    

Plots of the SSTAs during the anomalously warm period in the mid- to late- 1990’s, save 1997, (not shown) show that in each case the region of greatest positive anomaly exists north of the frontal zone and peaks later in the year and for a shorter period than the Niño events.


A significant feature and common to all of the minor warm events is that they occurred later in the year than the major events i.e. out of phase with the seasonal southward advance of the Angola Current. Florenchie et al., (2002) speculated that this might be the reason why none of the minor warm anomalies evolved into a full-blown Benguela Niño event. 
Major Cool Anomalies: 1982/83 and 1997


The cool event that persisted from 1981 to 1983 has been documented by several authors including Walker (1987) who, using principle component analysis (PCA) identified the maximum southward expression of the cool anomaly to exist at about 26°S. He also found that the cool anomaly did not extend offshore, but that the SSTs offshore were in fact higher than normal. The fact that the cold anomaly seems to have been confined to the region of upwelling brought Gillooly and Walker (1984) to the conclusion that it was the result of an abnormal eastward protrusion of warm surface water. Also using PCA, Walker (1987) was able to conclude that the cool anomaly was not related to intense equatorial winds, but rather to more local tropical atmospheric forcing. At the time of the cool event of 1981 to 1983 a warm event occurred on the South African West coast as reported by Walker et al., (1984). Gillooly and Walker (1984) linked the warm event to the unusually far north position of the Subtropical Convergance (STC) and the South Atlantic High.  
[image: image13.emf]Monthly mean SSTAs in the frontal zone  (15S- 17.5S).
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Figures 11 (a) and (b) are plots of the SSTs 30km offshore of a transect from the equator to 30°S for the periods November 1982 to October 1984 and November 1996 to October 1997 respectively. For both of the cool events the 22°C isotherm does move further south than about 16.5°S and its most southerly extent is not distinct, but remains consistent for a few months. At the time of the southward penetration of warm Angolan water during the summers of 1982/83 and 1996/7, water south of the frontal zone is abnormally cool and the water moving southwards is about 2°C cooler than usual. Both events therefore seem to be related to an anomalous upwelling event just south of the frontal zone from December to April. The cool water south of the frontal zone between December and April is not evident in similar SST plots of the same transect 250km offshore (not shown), thus validating the fact that the source of the cold water is an unusual coastal upwelling event.  
Fig. 11(a) and (b). Hoffmöller plots of the SSTs of a transect 30km offshore extending from the equator to 30°S for the period from November 1982 to  October 1983 and from November 1996 to October 1997 respectively.

Figures 12 (a) and (b) are plots of the SSTAs 30km offshore of a transect from the equator to 30°S for the periods November 1982 to October 1984 and November 1996 to October 1997 respectively. They indicate that the maximum intensity of both cool anomalies occurred during summer, winter and spring and that the negative anomaly was weakest during autumn. 
[image: image14.emf]Mean SST gradients 22S - 25S

0

0.005

0.01

0.015

0.02

0.025

0.03

1 2 3 4 5 6 7 8 9 10 11 12

Months (Nov. -Dec.)

Gradient (degC/km)

1983/84

1994/95

1987/88

Climatology

Fig. 12(a) and (b). Hoffmöller plots of the SSTAs of a transect 30km offshore extending from the equator to 30°S for the period from November 1983 to  October 1984 and from November 1994 to October 1995 respectively.

Figures 12 (a) and (b) and Figure 13 show that the negative anomaly during the 1982/83 cool event persisted from November to mid- February and from June to December, but the most extreme temperature minimums occurred in December (-2.75°C) and in September (-3.4°C).  The 1996/97 cool anomaly began later in the year and was present from December to March and from mid- July to mid- September. Two notable minimums occurred in January (-3.25°C) and in late August (-1.25°C). Perhaps a significant difference between these two events is that the former experienced greatest negative anomalies later in the year, while the latter had its most extreme temperature decrease at the beginning of the year. Another feature worthy of note is the fact that the two temperature minimums of the cool anomaly of 1996/97 differ by 2°C, while the temperature range of the two minimums of the 1982/83 event is only about 0.65°C. The implication of this is that the 1982/83 was more persistent than the 1996/97 event.  
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Fig. 13. Plot of the mean SSTAs in the frontal zone of a transect 30km offshore extending from the equator to 30°S for the period of the cool anomalies of 1982/83 and 1997.

Response of the ABFZ to anomalies


A plot of the gradient of SSTs through time from the equator to 30°S (Figure 14) of a 30km offshore transect shows that despite episodic warm and cool events and a long-term warming trend, the position of the front is very stable between 15°S and 17.5°S.  Figure 14 substantiates that the SST gradients within the frontal zone have a seasonal signal and are more intense in summer than in winter. Although the position of the frontal zone has remained relatively stable, the region of steep SST gradients indicative of the frontal zone has broadened slightly. The widening of the frontal zone is possibly related to the long term warming trend and the fact that it is more extreme to the north of the front than to the south of it.
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Fig. 14. Hoffmöller plot of the SST gradients of a transect 30km offshore extending from the equator to 30°S for the period from January 1982 to December 1999.


The only major perturbations to the position of the frontal zone occurred during the warm events of 1984, 1988, 1995 and 1998/99. A weakening of the SST gradients in the frontal zone is evident in Figure 14 as well as a marked increase in SST gradients in the region of between 22°C and 25°S for the duration of all of the warm events. Figure 15 is a plot of the mean SST gradients in the frontal zone during the warm episodes of 1984, 1988 and 1995 and the mean SST gradients of the climatology is also plotted. It substantiates that the warm anomalies resulted in a considerable weakening of the temperature gradients between 15°S and 17.5°S, particularly at the time of the most extreme southward extent of the anomaly (March for the 1984 and 1995 events and February for the 1988 episode). The fact that the SST gradients intensified between 22°S and 25°S during the warm events is verified by Figure 16, which is a plot of the mean SST gradients in this area for the period of the warm anomalies. The steep gradients in this region occur about a month after the most southward extent of the anomaly and the corresponding SST gradient minimum within the ABFZ and persist for at least 7 months.  The implication of this is that the major warm events cause an extreme southward displacement (±7.5° of latitude) of the frontal zone that occurs about a month after the anomaly. On the other hand, the major cool events tend to confine the region of steepest temperature gradients to a relatively small area and effectively result in a more intense (i.e. narrower with steeper SST gradients) frontal zone.
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Fig. 15. Plot of the mean SST gradients in the frontal zone of a transect 30km offshore extending from the equator to 30°S for the period of the warm anomalies of 1984, 1988 and 1995. Also plotted is the means SST gradient of the climatology of the same region.

Plots of the SST gradients for several offshore transects show that the position of the frontal zone is stable, but becomes more diffuse (i.e. weaker SST gradients over a broader region) with distance offshore. It extends further offshore during summer months and there are signs of it up to at least 700km seaward. Like the situation inshore, during the major warm events, SST gradients in the ABFZ weaken, and SST gradients steepen in the region between 22°S and 25°S. The major cool anomalies do not extend to 250km offshore, therefore the intensity of the SST gradients in the ABFZ offshore remain stable.    
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Fig. 16. Plot of the mean SST gradients in the region from 22°S to 25°S of a transect 30km 
offshore extending from the equator to 30°S for the period of the warm anomalies of 1984, 1988 and 1995. Also plotted is the means SST gradient of the climatology of the same region.

Figure 17 is a plot of the mean SST gradients in the frontal zone and the region 22°S to 25°S as well as the mean SSTAs in the frontal zone for the 18 year period. It validates that during the major warm anomalies the SST gradients in the frontal zone weaken and become steeper about 7.5° south of it. Also it shows that during the cool anomalies the mean SST gradients both in the ABFZ (15°S to 17.5°S) and between 22°S and 25°S weaken substantially.  

[image: image19.emf]Mean SST gradients in the frontal zone (15S-17.5S).
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Fig. 17. Time-series of the monthly mean SST gradients in the frontal zone and between 23°S and 25°S (in green and red respectively) and monthly mean SSTAs in the frontal zone (blue).
SUMMARY OF RESULTS AND CONCLUDING REMARKS
· The ABFZ is a region of consistently strong surface temperature gradients and is a permanent feature whose width fluctuates seasonally. 30km offshore it exists approximately between 15°S and 17°30’S in winter  and between 15°30’S and 17°S in summer. It is therefore broader in winter (spanning ±2.5° of latitude) than in summer (±1.5° of latitude).
· The mid-frontal position is situated at approximately 16°15’S in winter and moves northwards slightly in summer to about 16°03’S.
· Temperatures at the mid-frontal position range from 19°C in winter to 23°C in summer. The temperature range across the ABFZ is 4°C in winter and 5.5°C in summer.
· SST gradients in the frontal zone are steepest when the front is narrow in summer and weakest during winter when the front is broadest. In summer typical SST gradients are of the order of 1°C per 14km and in winter they are ± 1°C per 25km.
· When the front is at its most intense during summer, signs of it can be noted up to 700km offshore. However, it is more diffuse, i.e. weaker SST gradients over a broader region, with distance offshore. Up to at least 100km offshore it is relatively distinct during winter and summer, but by 250km it becomes even more diffuse and is clearly evident only during spring and summer.
· The front moves northwards with distance offshore, it therefore has a north-westerly orientation.
· Major and minor warm anomalies tend to displace the frontal zone southwards to a region between 22°S and 25°S, with a lag of about a month. Although the warm anomalies persist (though less severely) until at least 500km offshore, the marked southward displacement of the ABFZ occurs only up to a distance of 100km offshore.
· The cool anomalies persist to between 100km to 250km offshore and do not significantly affect the position of the ABFZ.
Future studies could take this work further by extending the data set in order to include more major warm events thereby improving the analysis of frontal zone responses to Benguela Niños. Also, an extended data set would provide a more representative climatology. The temporal resolution could be improved by using the mean weekly data available from the Envifish data- set. Though the causal mechanism for the anomalies were not within the scope of this work, the inclusion of equatorial wind-stress data and sea-level data would provide a clearer picture of the sequence of events that lead up to Benguela Niños and the ensuing effect on the frontal zone. 
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Time-series of the monthly mean SST gradients in the frontal zone and between 23°S and 25°S (in green and red respectively) and monthly mean SSTAs in the frontal zone (blue).
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		Jan		21.1452		21.9891		21.3313		21.6938		19.6141		21.8734		21.7703

		Feb		22.5711		25.0141		25.7516		21.5453		20.9156		25.1984		22.8625

		Mar		22.818		24.8875		26.7688		20.2672		20.0031		23.9766		24.575

		Apr		22.2601		24.1422		24.4563		19.3797		19.0891		22.4859		25.2578

		May		20.1492		20.8234		20.1047		17.7016		18.3656		22.5328		22.8891

		Jun		18.8294		21.8187		19.8813		16.6281		17.7594		19.6031		20.2906

		Jul		17.5197		18.3172		17.9984		15.6875		18.1594		17.2203		20.0406

		Aug		16.6381		18.6234		17.9016		16.0266		17.9656		16.6875		17.6344

		Sep		17.4672		18.8625		18.1078		16.7422		18.9297		16.8984		16.9797

		Oct		18.7994		19.1656		19.0656		18.5547		20.8266		17.2047		18.6063
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				1983/84		1994/95		1987/88		1982/83		1996/97

		Nov		-1.2343		-1.2718		-0.9546		-2.4655		-1.8983

		Dec		-3.332		-2.4336		-3.482		-2.8008		-3.1898
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		Apr		5.3128		5.6268		3.6565		0.5503		0.2596

		May		3.3037		2.585		5.0131		0.1819		0.8459

		Jun		5.1807		3.2432		2.965		-0.01		1.1213

		Jul		0.85		0.5313		-0.2469		-1.7797		0.6922

		Aug		-0.176		-0.8979		-2.1119		-2.7729		-0.8338

		Sep		-1.2667		-2.0214		-3.2308		-3.3871		-1.1996

		Oct		-0.9872		-1.0872		-2.9482		-1.5982		0.6737
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Mean SST North of the ABFZ

Mean SST South of the ABFZ
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Temperature (deg C)

Long term warming trend north, south and within the ABFZ 30km offshore.
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16.3669166667



30km

				msstf- 30km				Running Mean- Front				msstn- 30km		Running Mean- North				mssts- 30km		Running Mean-South

		Jan-82		19.5391		Jan-82						24.0921						16.536

		Feb-82		21.0688		Feb-82						25.8415						16.8473

		Mar-82		21.5797		Mar-82						25.5605						16.6469

		Apr-82		19.4375		Apr-82						23.9777						15.1617

		May-82		19.2203		May-82						22.752						14.4225

		Jun-82		16.0641		Jun-82		18.3937583333				20.1452		22.7076916667				13.574		14.9099916667

		Jul-82		15.9984		Jul-82		18.5733166667				19.7964		22.775975				13.6707		14.9233333333

		Aug-82		15.9266		Aug-82		18.613025				19.8481		22.7990083333				12.8582		14.8790416667

		Sep-82		16.4625		Sep-82		18.50365				20.3949		22.792275				13.5656		14.811975

		Oct-82		16.9781		Oct-82		18.4988333333				22.5235		22.887125				14.5103		14.8745416667

		Nov-82		18.6797		Nov-82		18.372275				23.3841		22.9111333333				15.2482		14.908625

		Dec-82		19.7703		Dec-82		18.419275				24.1763		22.932225				15.8785		14.9294666667

		Jan-83		21.6938		Jan-83		18.3933666667				24.9115		22.9382833333				16.6961		14.8900916667

		Feb-83		21.5453		Feb-83		18.4017				26.1179		22.9329083333				16.3158		14.93355

		Mar-83		20.2672		Mar-83		18.4250083333				25.4797		22.9975916667				15.8421		14.9625166667

		Apr-83		19.3797		Apr-83		18.5563916667				25.1159		23.066925				15.9125		14.9288583333

		May-83		17.7016		May-83		18.6589916667				23.0401		23.1307083333				14.8315		14.8941083333

		Jun-83		16.6281		Jun-83		18.614725				20.3983		23.1476916667				13.8241		14.9270666667

		Jul-83		15.6875		Jul-83		18.6393333333				19.8691		23.176125				13.1982		15.0062

		Aug-83		16.0266		Aug-83		18.9284				19.7836		23.179075				13.3797		15.1595166667

		Sep-83		16.7422		Sep-83		19.313425				21.1711		23.3093083333				13.9132		15.4786916667

		Oct-83		18.5547		Oct-83		19.7103				23.3555		23.4475583333				14.1064		15.6762

		Nov-83		19.9109		Nov-83		19.97045				24.1495		23.670275				14.8312		15.7300333333

		Dec-83		19.2391		Dec-83		20.403				24.3801		24.0340583333				16.274		15.86725

		Jan-84		21.9891		Jan-84		20.6221416667				25.2527		24.310625				17.6457		15.944675

		Feb-84		25.0141		Feb-84		20.8385416667				26.1533		24.55065				18.1556		16.0280916667

		Mar-84		24.8875		Mar-84		21.0152333333				27.0425		24.7588333333				19.6722		16.0747666667

		Apr-84		24.1422		Apr-84		21.0661416667				26.7749		24.8478333333				18.2826		16.1064916667

		May-84		20.8234		May-84		21.075125				25.7127		24.8956				15.4775		16.1165666667

		Jun-84		21.8187		Jun-84		21.1479083333				24.7637		24.8700916667				15.4707		16.096975

		Jul-84		18.3172		Jul-84		21.0585833333				23.1879		24.8213333333				14.1273		16.1181666667

		Aug-84		18.6234		Aug-84		20.7863166667				22.6639		24.7784333333				14.3807		16.0952333333

		Sep-84		18.8625		Sep-84		20.3686083333				23.6693		24.6418				14.4733		15.7758166667

		Oct-84		19.1656		Oct-84		20.1037666667				24.4235		24.5572583333				14.4871		15.59945

		Nov-84		20.0187		Nov-84		19.9466083333				24.7227		24.3761666667				14.9521		15.5197083333

		Dec-84		20.1125		Dec-84		19.6179666667				24.074		24.145925				16.0389		15.442275

		Jan-85		20.9172		Jan-85		19.4916666667				24.6676		23.9587916667				17.9		15.3659083333

		Feb-85		21.7469		Feb-85		19.2979166667				25.6385		23.8076083333				17.8804		15.2397833333

		Mar-85		19.875		Mar-85		19.0734333333				25.4029		23.6253				15.8392		15.127

		Apr-85		20.9641		Apr-85		18.93685				25.7604		23.4995833333				16.1662		15.0471833333

		May-85		18.9375		May-85		18.9059916667				23.5396		23.4647916667				14.5206		15.0937

		Jun-85		17.875		Jun-85		18.88425				22.0008		23.5409916667				14.5415		15.14595

		Jul-85		16.8016		Jul-85		18.9057333333				20.9423		23.6175583333				13.2109		15.0562416667

		Aug-85		16.2984		Aug-85		19.10755				20.8497		23.6932833333				12.8672		14.9699333333

		Sep-85		16.1687		Sep-85		19.5097666667				21.4816		23.823375				13.1199		15.062275

		Oct-85		17.5266		Oct-85		19.7186166667				22.9149		23.8135333333				13.5293		15.103675

		Nov-85		19.6484		Nov-85		19.8660083333				24.3052		23.9786583333				15.5103		15.1427166667

		Dec-85		19.8516		Dec-85		19.8562416667				24.9884		24.0491916667				16.6659		15.1546083333

		Jan-86		21.175		Jan-86		19.7850166667				25.5864		23.9984583333				16.8235		15.1863083333

		Feb-86		24.1687		Feb-86		19.7085916667				26.5472		23.9278916667				16.8447		15.28725

		Mar-86		24.7016		Mar-86		19.708075				26.964		23.90155				16.9473		15.31855

		Apr-86		23.4703		Apr-86		19.5951833333				25.6423		23.8660833333				16.663		15.3793416667

		May-86		20.7062		May-86		19.4571666667				25.5211		23.7735583333				14.9891		15.3021416667

		Jun-86		17.7578		Jun-86		19.4390666667				22.8472		23.7156166667				14.6842		15.2199333333

		Jul-86		15.9469		Jul-86		19.3300833333				20.3335		23.6304416667				13.5913		15.1932416667

		Aug-86		15.3813		Aug-86		19.0603				20.0029		23.574675				14.0785		15.1741083333

		Sep-86		16.1625		Sep-86		18.8435				21.1655		23.51485				13.4955		15.0980083333

		Oct-86		16.1719		Oct-86		18.71655				22.4893		23.5629166667				14.2588		15.0171666667

		Nov-86		17.9922		Nov-86		18.574625				23.1949		23.5192916667				14.5839		15.027775

		Dec-86		19.6344		Dec-86		18.7284				24.2931		23.5840166667				15.6794		14.9871

		Jan-87		19.8672		Jan-87		18.8549583333				24.5643		23.68455				16.5032		14.9890583333

		Feb-87		20.9313		Feb-87		18.926175				25.878		23.7848833333				16.6151		14.948325

		Mar-87		22.1		Mar-87		18.9691416667				26.2461		23.8932833333				16.0341		14.94315

		Apr-87		21.9469		Apr-87		19.2360666667				26.2191		24.0230166667				15.6929		14.912875

		May-87		19.0031		May-87		19.4192666667				24.9976		24.19915				15.1164		14.893025

		Jun-87		19.6031		Jun-87		19.373825				23.6239		24.2797916667				14.1961		14.9871833333

		Jul-87		17.4656		Jul-87		19.5410083333				21.5399		24.3887				13.6148		14.970225

		Aug-87		16.2359		Aug-87		19.8966				21.2069		24.5353083333				13.5897		15.1803583333

		Sep-87		16.6781		Sep-87		20.0529833333				22.4663		24.6003083333				13.4334		15.486275

		Oct-87		19.375		Oct-87		20.0979				24.0461		24.569625				13.8955		15.4715416667

		Nov-87		20.1906		Nov-87		20.3920416667				25.3085		24.6405666667				14.3457		15.5086833333

		Dec-87		19.0891		Dec-87		20.3920416667				25.2608		24.6405666667				16.8093		15.5086833333

		Jan-88		21.8734		Jan-88		20.3716				25.8712		24.6578666667				16.2997		15.4751916667

		Feb-88		25.1984		Feb-88		20.4092333333				27.6373		24.694825				19.1367		15.4854

		Mar-88		23.9766		Mar-88		20.4275916667				27.0261		24.6562				19.7051		15.4881666667

		Apr-88		22.4859		Apr-88		20.2467333333				25.8509		24.5463916667				15.5161		15.464025

		May-88		22.5328		May-88		20.2335833333				25.8489		24.503275				15.5621		15.5511833333

		Jun-88		19.6031		Jun-88		20.2887916667				23.6239		24.5352416667				14.1961		15.5272583333

		Jul-88		17.2203		Jul-88		20.2130166667				21.7475		24.5325833333				13.2129		15.7063833333

		Aug-88		16.6875		Aug-88		20.0154916667				21.6504		24.4307083333				13.7122		15.7371166667

		Sep-88		16.8984		Sep-88		19.8735583333				22.0028		24.4024				13.4666		15.57605

		Oct-88		17.2047		Oct-88		19.9136666667				22.7284		24.4773833333				13.6058		15.6625666667

		Nov-88		20.0328		Nov-88		19.7589833333				24.7911		24.4752				15.3916		15.6523833333

		Dec-88		19.7516		Dec-88		19.658725				25.6444		24.43235				16.5222		15.6994666667

		Jan-89		20.9641		Jan-89		19.6229166667				25.8393		24.3735833333				18.4492		15.7463

		Feb-89		22.8281		Feb-89		19.575				26.4148		24.315925				19.5055		15.735425

		Mar-89		22.2734		Mar-89		19.6126333333				26.6864		24.3461916667				17.7723		15.7605583333

		Apr-89		22.9672		Apr-89		19.7309916667				26.7507		24.4372				16.5543		15.79405

		May-89		20.6766		May-89		19.689325				25.8227		24.487375				15.4399		15.7642

		Jun-89		18.4		Jun-89		19.70755				23.1097		24.388175				14.7611		15.761175

		Jul-89		16.7906		Jul-89		19.7335916667				21.0423		24.3456083333				13.7749		15.6442666667

		Aug-89		16.1125		Aug-89		19.655075				20.9585		24.2747				13.5817		15.6747583333

		Sep-89		17.35		Sep-89		19.6453166667				22.366		24.2644666667				13.7682		15.6787

		Oct-89		18.625		Oct-89		19.4604166667				23.8205		24.1791833333				14.0077		15.6538333333

		Nov-89		19.5328		Nov-89		19.418225				25.3932		24.09775				15.0334		15.6986083333

		Dec-89		19.9703		Dec-89		19.3441333333				24.454		24.050375				16.4859		15.6826916667

		Jan-90		21.2766		Jan-90		19.2802				25.3285		23.9780166667				17.0463		15.6676083333

		Feb-90		21.8859		Feb-90		19.339575				25.5639		23.9694333333				19.8714		15.62345

		Mar-90		22.1563		Mar-90		19.351425				26.5636		23.9411				17.8196		15.5864416667

		Apr-90		20.7484		Apr-90		19.4305916667				25.7273		23.96115				16.2559		15.5914

		May-90		20.1703		May-90		19.5006416667				24.8455		23.9896583333				15.9772		15.60855

		Jun-90		17.5109		Jun-90		19.4447833333				22.5412		24.0913583333				14.5701		15.6177333333

		Jul-90		16.0234		Jul-90		19.4619666667				20.174		24.1210166667				13.5939		15.6394083333

		Aug-90		16.825		Aug-90		19.419				20.8555		24.1798333333				13.0518		15.4335666667

		Sep-90		17.4922		Sep-90		19.435275				22.026		24.1642				13.3241		15.39525

		Oct-90		19.575		Oct-90		19.7012916667				24.0611		24.2740583333				14.0672		15.4336

		Nov-90		20.3734		Nov-90		19.9492083333				25.7353		24.465625				15.2392		15.4666083333

		Dec-90		19.3		Dec-90		20.1898333333				25.6744		24.5900916667				16.5961		15.5114083333

		Jan-91		21.4828		Jan-91		20.3154916667				25.6844		24.6295916667				17.3064		15.579525

		Feb-91		21.3703		Feb-91		20.2053333333				26.2697		24.5061				17.4013		15.59565

		Mar-91		22.3516		Mar-91		20.1222583333				26.376		24.4014583333				17.3598		15.6375333333

		Apr-91		23.9406		Apr-91		19.9792916667				27.0456		24.2629583333				16.7161		15.6865416667

		May-91		23.1453		May-91		19.814975				27.1443		24.110825				16.3733		15.67175

		Jun-91		20.3984		Jun-91		19.7772166667				24.0348		23.974025				15.1077		15.6487083333

		Jul-91		17.5313		Jul-91		19.675				20.648		23.8457				14.4113		15.6012166667

		Aug-91		15.5031		Aug-91		19.6059916667				19.3736		23.8334333333				13.2453		15.60585

		Sep-91		16.4953		Sep-91		19.4809916667				20.7703		23.7965916667				13.8267		15.58685

		Oct-91		17.8594		Oct-91		19.2040416667				22.3991		23.6860833333				14.6553		15.5311666667

		Nov-91		18.4016		Nov-91		18.7746166667				23.9097		23.4280166667				15.0617		15.3803916667

		Dec-91		18.8469		Dec-91		18.6182416667				24.0328		23.2597083333				16.3196		15.2822416667

		Jan-92		20.2562		Jan-92		18.5757916667				24.1445		23.24885				16.7365		15.1841416667

		Feb-92		20.5422		Feb-92		18.7228				26.1225		23.359575				17.4569		15.1583916667

		Mar-92		20.8516		Mar-92		18.7018333333				25.9339		23.4143083333				17.1318		15.0308333333

		Apr-92		20.6172		Apr-92		18.8540416667				25.7195		23.539625				16.0479		14.999575

		May-92		17.9922		May-92		18.9647083333				24.0475		23.6028583333				14.564		14.9500166667

		Jun-92		18.5219		Jun-92		19.0919166667				22.0151		23.6867333333				13.9299		14.9296416667

		Jul-92		17.0219		Jul-92		19.2482916667				20.5177		23.8383916667				13.2341		15.0053333333

		Aug-92		17.2672		Aug-92		19.4282333333				20.7023		23.8948416667				12.9363		15.0071916667

		Sep-92		16.2437		Sep-92		19.6898083333				21.4271		23.9474166667				12.296		15.0987416667

		Oct-92		19.6859		Oct-92		19.7334166667				23.9029		23.9548166667				14.2802		15.1597166667

		Nov-92		19.7296		Nov-92		19.7610166667				24.6685		23.9596166667				14.467		15.15675

		Dec-92		20.3734		Dec-92		19.6969416667				25.0393		24.0007833333				16.0751		15.142075

		Jan-93		22.1327		Jan-93		19.8208916667				25.9644		24.1495166667				17.6448		15.2060166667

		Feb-93		22.7015		Feb-93		19.79315				26.7999		24.2124666667				17.4792		15.270675

		Mar-93		23.9905		Mar-93		20.075175				26.5648		24.3433083333				18.2304		15.46135

		Apr-93		21.1405		Apr-93		20.0935333333				25.8083		24.4169916667				16.7796		15.5391416667

		May-93		18.3234		May-93		20.2499166667				24.1051		24.5072833333				14.5284		15.6941583333

		Jun-93		17.753		Jun-93		20.2919666667				22.5091		24.5078166667				13.7538		15.7281083333

		Jul-93		18.5093		Jul-93		20.0987416667				22.3025		24.36885				14.0014		15.7091916667

		Aug-93		16.9343		Aug-93		20.0207416667				21.4577		24.2657666667				13.7122		15.782425

		Sep-93		19.628		Sep-93		19.8600666667				22.9972		24.3344416667				14.5841		15.8230166667

		Oct-93		19.9062		Oct-93		19.89275				24.7871		24.4029416667				15.2137		15.9086

		Nov-93		21.6062		Nov-93		19.9850666667				25.752		24.48075				16.3272		15.9568583333

		Dec-93		20.878		Dec-93		20.0592916667				25.0457		24.5314				16.4825		15.9334416667

		Jan-94		19.814		Jan-94		20.0499166667				24.2968		24.4530333333				17.4178		15.8885583333

		Feb-94		21.7655		Feb-94		19.9534333333				25.5629		24.4818833333				18.358		15.861425

		Mar-94		22.0624		Mar-94		19.88365				27.3889		24.51625				18.7175		15.778

		Apr-94		21.5327		Apr-94		19.879425				26.6303		24.38415				17.8066		15.6435416667

		May-94		19.4312		May-94		19.735025				25.0388		24.2513833333				15.1075		15.5172416667

		Jun-94		18.6437		Jun-94		19.6733166667				23.1169		24.2216666667				13.4728		15.4678166667

		Jul-94		18.3968		Jul-94		19.7997583333				21.3621		24.404675				13.4628		15.5272916667

		Aug-94		15.7765		Aug-94		20.1319333333				21.8039		24.6546416667				13.3866		15.6135916667

		Sep-94		18.7906		Sep-94		20.5241333333				23.4096		24.783125				13.583		15.7897583333

		Oct-94		19.8555		Oct-94		20.7677666667				23.2019		24.8566333333				13.6002		15.8851083333

		Nov-94		19.8734		Nov-94		20.8238916667				24.1588		24.8649416667				14.8116		16.043325

		Dec-94		20.1375		Dec-94		20.927025				24.6891		24.9358083333				15.8894		16.1590666667

		Jan-95		21.3313		Jan-95		20.893825				26.4929		25.0351333333				18.1315		16.1996833333

		Feb-95		25.7516		Feb-95		21.0709166667				28.5625		25.0680666667				19.3936		16.21615

		Mar-95		26.7688		Mar-95		21.0140166667				28.9307		25.058825				20.8315		16.2328666667

		Apr-95		24.4563		Apr-95		20.9481916667				27.5124		25.2105416667				18.9508		16.3086833333

		May-95		20.1047		May-95		21.047675				25.1385		25.345				17.0061		16.3829083333

		Jun-95		19.8813		Jun-95		21.0554916667				23.9673		25.4340833333				14.8617		16.5680916667

		Jul-95		17.9984		Jul-95		21.061475				22.554		25.367975				13.9502		16.6075083333

		Aug-95		17.9016		Aug-95		20.8112083333				22.1991		25.3018				13.5842		16.5716

		Sep-95		18.1078		Sep-95		20.6833416667				23.2987		25.29415				13.7836		16.3550166667

		Oct-95		19.0656		Oct-95		20.788675				25.0225		25.35315				14.51		16.255525

		Nov-95		21.0672		Nov-95		20.911725				25.7723		25.4542083333				15.7023		16.2164083333

		Dec-95		20.2313		Dec-95		20.8402333333				25.7581		25.4321				18.1116		16.264425

		Jan-96		21.4031		Jan-96		20.8729166667				25.6996		25.4379				18.6045		16.3336583333

		Feb-96		22.7484		Feb-96		20.6832				27.7684		25.3877333333				18.9627		16.3683333333

		Mar-96		25.2344		Mar-96		20.6484333333				28.8389		25.3511083333				18.2325		16.4068416667

		Apr-96		25.7203		Apr-96		20.56875				28.2204		25.2852083333				17.7569		16.3521

		May-96		21.5813		May-96		20.4170583333				26.3512		25.2055083333				16.5367		16.2914083333

		Jun-96		19.0234		Jun-96		20.346225				23.702		25.1153416667				15.4379		16.1183083333

		Jul-96		18.3906		Jul-96		20.1971416667				22.6236		25.028675				14.781		15.9653916667

		Aug-96		15.625		Aug-96		20.0444083333				21.5971		24.82505				14.0003		15.8142166667

		Sep-96		17.6906		Sep-96		19.6084666667				22.8592		24.5764666667				14.2457		15.678175

		Oct-96		18.1094		Oct-96		19.0558666667				24.2317		24.369575				13.8531		15.475125

		Nov-96		19.2469		Nov-96		18.7878916667				24.8159		24.2352833333				14.974		15.3086416667

		Dec-96		19.3813		Dec-96		18.6825583333				24.6761		24.161075				16.0344		15.2324416667

		Jan-97		19.6141		Jan-97		18.6632916667				24.6596		24.1050166667				16.7695		15.2027833333

		Feb-97		20.9156		Feb-97		18.8583416667				25.3249		24.1768333333				17.1486		15.199625

		Mar-97		20.0031		Mar-97		18.9616				25.8559		24.2425083333				16.6		15.2512333333

		Apr-97		19.0891		Apr-97		19.1880333333				25.7377		24.3201583333				15.3203		15.3378833333

		May-97		18.3656		May-97		19.5280083333				24.7397		24.4751333333				14.5389		15.4280166667

		Jun-97		17.7594		Jun-97		19.9031333333				22.8115		24.713025				14.5235		15.5168666667

		Jul-97		18.1594		Jul-97		20.2281333333				21.9509		24.9391166667				14.4251		15.6210416667

		Aug-97		17.9656		Aug-97		20.4213666667				22.4589		25.1170416667				13.9624		15.7934083333

		Sep-97		18.9297		Sep-97		20.6769666667				23.6473		25.3035166667				14.865		15.8210083333

		Oct-97		20.8266		Oct-97		21.0349083333				25.1635		25.43355				14.8929		15.9200166667

		Nov-97		23.3266		Nov-97		21.2612166667				26.6756		25.613775				16.0556		15.9884833333

		Dec-97		23.8828		Dec-97		21.5643416667				27.5308		25.8440166667				17.1006		15.9939166667

		Jan-98		23.5141		Jan-98		21.63895				27.3727		25.9386666667				18.0196		15.9288333333

		Feb-98		23.2344		Feb-98		21.5385583333				27.46		25.9413833333				19.217		15.9095083333

		Mar-98		23.0703		Mar-98		21.5216333333				28.0936		26.0171				16.9312		15.8495333333

		Apr-98		23.3844		Apr-98		21.56095				27.2981		26.0306				16.5084		15.7876083333

		May-98		21.0813		May-98		21.4080833333				26.9024		25.9885916667				15.3605		15.6882833333

		Jun-98		21.3969		Jun-98		21.0605583333				25.5744		25.8429666667				14.5887		15.6512833333

		Jul-98		19.0547		Jul-98		20.9152416667				23.0867		25.7314333333				13.6441		15.638075

		Aug-98		16.7609		Aug-98		20.88425				22.4915		25.6898666667				13.7305		15.621925

		Sep-98		18.7266		Sep-98		21.0096416667				24.5559		25.702825				14.1453		15.7258916667

		Oct-98		21.2984		Oct-98		21.1657583333				25.3255		25.8026166667				14.1498		15.8388

		Nov-98		21.4922		Nov-98		21.3164083333				26.1715		25.7902166667				14.8637		15.8902166667

		Dec-98		19.7125		Dec-98		21.2242166667				25.7833		25.699375				16.6566		15.951525

		Jan-99		21.7703		Jan-99		21.306375				26.0343		25.6753166667				17.8611		16.05975

		Feb-99		22.8625		Feb-99		21.3791666667				26.9612		25.7017666667				19.0232		16.09435

		Mar-99		24.575		Mar-99		21.2335916667				28.2491		25.5390416667				18.1788		16.0656833333

		Apr-99		25.2578		Apr-99		21.00925				28.4956		25.4391583333				17.8633		16.1085833333

		May-99		22.8891		May-99		20.9851583333				26.7536		25.4072416667				15.9775		16.1587166667

		Jun-99		20.2906		Jun-99		21.224875				24.4843		25.4771333333				15.3244		16.3669166667

				20.0406								22.798						14.9428

				17.6344								22.8089						14.1457

				16.9797								22.6032						13.8013

				18.6063								24.1269						14.6646

				21.2031								25.7885						15.4653

				22.5891								26.622						19.155
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Mean SST in ABFZ

Mean SST North of the ABFZ

Mean SST South of the ABFZ

Months

Temperature (deg C)

Long term warming trend north, south and within the ABFZ 30km offshore.
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250km

				msstf- 250km		Running Mean-ABFZ		msstn- 250km		Running Mean-north ABFZ		msstf- 250km		Running Mean-south ABFZ

		Jan-82		19.8781				24.4468				19.3563

		Feb-82		21.3117				25.5095				19.9378

		Mar-82		21.9625				25.5315				19.3518

		Apr-82		20.5203				24.0404				18.2338

		May-82		19.6156				23.5232				17.4794

		Jun-82		17.8641		18.9969333333		20.9656		22.8860833333		16.3376		17.3958833333

		Jul-82		16.7156		19.11295		20.3095		22.9191083333		15.8511		17.416725

		Aug-82		15.9187		19.2071583333		20.1777		22.919175		14.9759		17.37295

		Sep-82		17.0156		19.1785166667		20.8279		22.903925		15.3392		17.353575

		Oct-82		17.8828		19.22995		22.2117		23.0173333333		16.4096		17.4164333333

		Nov-82		18.7969		19.139975		23.3069		23.0079583333		17.1469		17.4382166667

		Dec-82		20.4813		19.1348916667		23.7823		23.0441916667		18.3312		17.439425

		Jan-83		21.2703		19.1647083333		24.8431		23.0463916667		19.6064		17.4365583333

		Feb-83		22.4422		19.24935		25.5103		23.07115		19.4125		17.48795

		Mar-83		21.6188		19.2540416667		25.3485		23.091725		19.1193		17.548

		Apr-83		21.1375		19.2313833333		25.4013		23.1214166667		18.9881		17.5197583333

		May-83		18.5359		19.279425		23.4107		23.1699416667		17.7408		17.5421916667

		Jun-83		17.8031		19.3292916667		21.4004		23.2229416667		16.3521		17.5873166667

		Jul-83		17.0734		19.4333333333		20.3359		23.253575		15.8167		17.6566083333

		Aug-83		16.9344		19.4923166667		20.4748		23.251225		15.5926		17.7279666667

		Sep-83		17.0719		19.7723916667		21.0748		23.3654583333		16.0598		17.8689916667

		Oct-83		17.6109		20.0673166667		22.568		23.4737833333		16.0707		18.00685

		Nov-83		19.3734		20.35		23.8892		23.6733583333		17.4161		18.0693916667

		Dec-83		21.0797		20.6726583333		24.4183		23.9854333333		18.8727		18.166575

		Jan-84		22.5188		20.8496166667		25.2107		24.2600833333		20.4379		18.21285

		Feb-84		23.15		20.9388083333		25.4821		24.4856416667		20.2688		18.2801083333

		Mar-84		24.9797		21.031125		26.7193		24.6619166667		20.8116		18.3263333333

		Apr-84		24.6766		21.0884166667		26.7012		24.7769166667		20.6424		18.3908083333

		May-84		21.9281		21.0183666667		25.8056		24.8524583333		18.4913		18.37805

		Jun-84		21.675		21.005475		25.1453		24.8744083333		17.5183		18.3561

		Jul-84		19.1969		21.0579416667		23.6317		24.87855		16.372		18.3573916667

		Aug-84		18.0047		21.0520833333		23.1815		24.8796		16.3997		18.3895166667

		Sep-84		18.1797		20.7886666667		23.1901		24.7534916667		16.6145		18.2464

		Oct-84		18.2984		20.494		23.948		24.6739833333		16.8444		18.0826833333

		Nov-84		18.5328		20.3455666667		24.7957		24.5204083333		17.263		17.99745

		Dec-84		20.925		20.1037666667		24.6817		24.3073		18.6093		17.8994083333

		Jan-85		23.1484		19.9317583333		25.2604		24.115		20.4534		17.82355

		Feb-85		23.0797		19.762875		25.4947		23.9706166667		20.6543		17.6924416667

		Mar-85		21.8187		19.5761583333		25.206		23.8477166667		19.0942		17.5539583333

		Apr-85		21.1406		19.5094916667		25.7471		23.77455		18.6778		17.46915

		May-85		20.1469		19.6407416667		23.9627		23.7206833333		17.4685		17.4983083333

		Jun-85		18.7734		19.65025		22.588		23.7775833333		16.3418		17.5876166667

		Jul-85		17.1328		19.4942666667		21.3241		23.7816166667		15.4617		17.5635

		Aug-85		15.9781		19.53515		21.4489		23.81715		14.8264		17.5218916667

		Sep-85		15.9391		19.716275		21.7153		23.926825		14.9527		17.5631

		Oct-85		17.4984		19.9313833333		23.07		23.9305916667		15.8267		17.6061916667

		Nov-85		20.1078		20.04115		24.1493		24.0681916667		17.6129		17.6750833333

		Dec-85		21.0391		20.0955833333		25.3645		24.1053583333		19.681		17.7662916667

		Jan-86		21.2766		20.0662916667		25.3088		24.0780416667		20.164		17.8315666667

		Feb-86		23.5703		20.0975416667		25.9211		24.0310416667		20.155		17.9614916667

		Mar-86		23.9922		20.183475		26.5221		24.0239083333		19.5887		18.0571

		Apr-86		23.7219		20.1605583333		25.7923		23.98185		19.1949		18.1079583333

		May-86		21.4641		19.96095		25.6139		23.9118666667		18.2952		18.0781583333

		Jun-86		19.4266		19.8377666667		23.034		23.816425		17.4363		18.0187833333

		Jul-86		16.7813		19.7319		20.9963		23.7632		16.245		18.0066416667

		Aug-86		16.3531		19.52305		20.8849		23.727175		16.3855		18.0290916667

		Sep-86		16.9703		19.394925		21.6297		23.671325		16.1		18.0124583333

		Oct-86		17.2234		19.2339833333		22.5653		23.701175		16.437		18.0055166667

		Nov-86		17.7125		19.1303333333		23.3095		23.6728833333		17.2553		18.0275916667

		Dec-86		19.5609		19.062625		24.2192		23.727825		18.9685		18.0064833333

		Jan-87		20.0062		19.1036333333		24.6701		23.825875		20.0183		18.0117666667

		Feb-87		21.0641		19.15845		25.4888		23.8782083333		20.4244		17.9698583333

		Mar-87		22.4547		19.1581916667		25.8519		23.9272083333		19.3891		17.927925

		Apr-87		21.7906		19.3130166667		26.1505		24.0276916667		19.1116		17.916725

		May-87		20.2203		19.49225		25.2744		24.1784		18.5601		17.9263166667

		Jun-87		18.6141		19.5576166667		23.6933		24.2269333333		17.183		17.9666666667

		Jul-87		17.2734		19.699025		22.1729		24.2973916667		16.3084		17.9610666667

		Aug-87		17.0109		19.9270166667		21.5129		24.4275666667		15.8826		17.9905166667

		Sep-87		16.9672		20.06725		22.2177		24.5086833333		15.5968		18.207125

		Oct-87		19.0813		20.1472		23.7711		24.4770333333		16.3026		18.2244583333

		Nov-87		19.8633		20.3349583333		25.118		24.5393666667		17.3704		18.2374583333

		Dec-87		20.3453		20.3349583333		24.8016		24.5393666667		19.4527		18.2374583333

		Jan-88		21.7031		20.3418583333		25.5156		24.5471		19.9511		18.1961333333

		Feb-88		23.8		20.2916		27.0509		24.5880666667		20.7778		18.19035

		Mar-88		24.1375		20.232225		26.8253		24.570325		21.9884		18.1696333333

		Apr-88		22.75		20.1439416667		25.7707		24.4766416667		19.3196		18.12165

		May-88		22.4734		20.1462166667		26.0224		24.4341666667		18.7161		18.1332

		Jun-88		18.6141		20.2216083333		23.6933		24.493175		17.183		18.0997583333

		Jul-88		17.3562		20.2397083333		22.2657		24.5168666667		15.8125		18.1900833333

		Aug-88		16.4078		20.2223916667		22.0045		24.4433333333		15.8132		18.262725

		Sep-88		16.2547		20.1729166667		22.0048		24.4130666667		15.3482		18.1787

		Oct-88		18.0219		20.1252583333		22.6469		24.4787		15.7268		18.106325

		Nov-88		19.8906		20.0334666667		24.6083		24.4470666667		17.509		18.0586

		Dec-88		21.25		20.1132833333		25.5097		24.44135		19.0514		18.0311083333

		Jan-89		21.9203		20.1076916667		25.7999		24.4126		21.035		18.0213583333

		Feb-89		23.5922		20.0898583333		26.1685		24.3577833333		21.6495		17.9911833333

		Mar-89		23.5438		20.1532666667		26.4621		24.4127833333		20.9801		18.0276

		Apr-89		22.1781		20.1505916667		26.5583		24.496475		18.4511		18.0760083333

		May-89		21.3719		20.1130916667		25.6428		24.51805		18.1434		18.05795

		Jun-89		19.5719		20.03985		23.6247		24.4706		16.8531		18.0232833333

		Jul-89		17.2891		19.9741		21.9207		24.42705		15.6955		17.8836833333

		Aug-89		16.1938		19.990375		21.3467		24.4116083333		15.4511		17.879825

		Sep-89		17.0156		19.9126333333		22.6648		24.4264083333		15.7852		17.873175

		Oct-89		17.9898		19.856775		23.6512		24.3716916667		16.3077		17.9879666667

		Nov-89		19.4406		19.7010416667		24.8672		24.29515		17.2923		18.0315916667

		Dec-89		20.3711		19.65885		24.9403		24.2731166667		18.6354		18.053025

		Jan-90		21.1313		19.647		25.2773		24.1878583333		19.3598		18.0636333333

		Feb-90		23.7875		19.55585		25.9832		24.1875416667		21.6032		18.0518083333

		Mar-90		22.6109		19.6139916667		26.6397		24.1700083333		20.9003		18.0181833333

		Apr-90		21.5078		19.6354833333		25.9017		24.177175		19.8286		18.0010916667

		May-90		19.5031		19.7024083333		24.7243		24.1941416667		18.6669		18.0238916667

		Jun-90		19.0656		19.6686166667		23.3603		24.217975		17.1103		18.068125

		Jul-90		17.1469		19.817575		20.8976		24.2695333333		15.8228		18.1406833333

		Aug-90		15.1		19.7324166667		21.3429		24.2772333333		15.3092		18.0527666667

		Sep-90		17.7133		19.6985666667		22.4544		24.25075		15.3817		18.0060083333

		Oct-90		18.2477		19.7610666667		23.7372		24.32795		16.1026		17.9933916667

		Nov-90		20.2437		20.0494833333		25.0708		24.5004666667		17.5659		18.0398833333

		Dec-90		19.9656		20.1390666667		25.2263		24.5646333333		19.1662		18.0944083333

		Jan-91		22.9188		20.164325		25.896		24.5559083333		20.2305		18.1624166667

		Feb-91		22.7656		20.2556		26.0756		24.4434583333		20.5482		18.2046

		Mar-91		22.2047		20.1619166667		26.3219		24.30225		20.3392		18.2587

		Apr-91		22.2578		20.1552083333		26.8281		24.171425		19.6772		18.3101166667

		May-91		22.9641		20.0531333333		26.7945		24.0346166667		19.2248		18.3235666667

		Jun-91		20.1406		20.1968833333		24.1303		24.0042833333		17.7646		18.31055

		Jul-91		17.45		20.0406916667		20.7929		23.9272083333		16.6389		18.282875

		Aug-91		16.1953		19.9386083333		19.9935		23.9434333333		15.8154		18.2879416667

		Sep-91		16.5891		19.8462916667		20.7599		23.8997333333		16.0309		18.2864416667

		Oct-91		18.1672		19.76465		22.1673		23.8129583333		16.7196		18.2849416667

		Nov-91		19.0188		19.4630833333		23.4291		23.6273083333		17.7273		18.1814583333

		Dec-91		21.6906		19.2386083333		24.8623		23.4799416667		19.01		18.0911583333

		Jan-92		21.0445		19.1850916667		24.9711		23.5084583333		19.8984		18.017575

		Feb-92		21.5406		19.2875666667		26.2703		23.614625		20.609		17.961175

		Mar-92		21.0969		19.3248333333		25.7975		23.6659416667		20.3212		17.827125

		Apr-92		21.2781		19.3132166667		25.7868		23.730825		19.6592		17.7596916667

		May-92		19.3453		19.3008083333		24.5667		23.7670333333		17.983		17.6924166667

		Jun-92		17.4469		19.13105		22.3619		23.7477416667		16.681		17.6571333333

		Jul-92		16.8078		19.3121416667		21.1351		23.8018916667		15.7559		17.6788416667

		Aug-92		17.425		19.4406916667		21.2675		23.783525		15.1386		17.6544083333

		Sep-92		17.0363		19.6843416667		21.3757		23.8271583333		14.4223		17.6979833333

		Oct-92		18.0278		19.8044333333		22.9459		23.8479583333		15.9104		17.6977416667

		Nov-92		18.8699		19.8303833333		23.8636		23.827725		16.92		17.7033166667

		Dec-92		19.6535		19.8039833333		24.6308		23.8616916667		18.5866		17.6845666667

		Jan-93		23.2176		19.8563583333		25.6209		23.9739416667		20.1589		17.709925

		Feb-93		23.0832		19.8586083333		26.0499		23.99725		20.3158		17.797125

		Mar-93		24.0207		19.9774916667		26.3211		24.1509833333		20.8441		17.997575

		Apr-93		22.7192		20.1422666667		26.0364		24.3106333333		19.6563		18.1357583333

		May-93		19.6567		20.3635583333		24.3239		24.4636083333		18.0499		18.257625

		Jun-93		17.1301		20.4614166667		22.7695		24.511		16.456		18.2602333333

		Jul-93		17.4363		20.4006083333		22.4821		24.4885166667		16.0602		18.2365333333

		Aug-93		17.452		20.3614166667		21.5472		24.4811916667		16.185		18.2925666667

		Sep-93		18.4629		20.3200083333		23.2205		24.5454333333		16.8277		18.3841833333

		Oct-93		20.0051		20.3015166667		24.8617		24.609425		17.5686		18.5251

		Nov-93		21.5254		20.3663583333		25.6993		24.6735916667		18.3824		18.6062666667

		Dec-93		20.8278		20.5050333333		25.1995		24.7548666667		18.6179		18.5871916667

		Jan-94		22.4879		20.5036083333		25.3511		24.7057916667		19.8745		18.5184916667

		Feb-94		22.6129		20.4629833333		25.962		24.80625		20.9882		18.4625416667

		Mar-94		23.5238		20.48535		27.092		24.8338666667		21.9435		18.3547666667

		Apr-94		22.4973		20.4140916667		26.8043		24.61525		21.3473		18.224375

		May-94		20.4348		20.2837166667		25.0939		24.4614		19.0239		18.1207

		Jun-94		18.7942		20.2610916667		23.7448		24.4095		16.2271		18.1029166667

		Jul-94		17.4192		20.1654166667		21.8932		24.4355		15.2358		18.1509666667

		Aug-94		16.9645		20.2937666667		22.7527		24.603575		15.5136		18.23255

		Sep-94		18.7313		20.490875		23.5519		24.72285		15.5344		18.2526916667

		Oct-94		19.15		20.7684416667		22.2383		24.830425		16.0039		18.2433916667

		Nov-94		19.9609		20.9130666667		23.8531		24.9036083333		17.1383		18.2591916667

		Dec-94		20.5563		21.0468833333		24.5767		24.9613666667		18.4045		18.3693416667

		Jan-95		21.3398		21.1560916667		25.6631		25.0680333333		20.4511		18.4698416667

		Feb-95		24.1531		21.19655		27.9789		25.03625		21.9672		18.4990166667

		Mar-95		25.8891		21.1608666667		28.5233		25.0444		22.1852		18.5253833333

		Apr-95		25.8281		21.1093083333		28.0952		25.1953083333		21.2357		18.5722416667

		May-95		22.1703		21.1435583333		25.9721		25.3225583333		19.2135		18.6277583333

		Jun-95		20.4		21.2244166667		24.4379		25.4309583333		17.5489		18.7344

		Jul-95		18.7297		21.3872416667		23.1732		25.4759416667		16.4418		18.8189416667

		Aug-95		17.45		21.3767		22.3713		25.437275		15.8637		18.8372666667

		Sep-95		18.3031		21.232425		23.6497		25.3939666667		15.8508		18.76015

		Oct-95		18.5313		21.155475		24.0492		25.3921333333		16.5662		18.707925

		Nov-95		20.3719		21.1677166667		25.3801		25.419125		17.8045		18.7201166667

		Dec-95		21.5266		21.0815166667		25.8775		25.388275		19.6842		18.7622916667

		Jan-96		23.2937		21.0408916667		26.2029		25.381775		21.4656		18.8184833333

		Feb-96		24.0266		21.008075		27.5149		25.3501		22.1871		18.8525916667

		Mar-96		24.1578		20.9104166667		28.0036		25.2823916667		21.2598		18.88635

		Apr-96		24.9047		20.8388666667		28.0732		25.2701833333		20.609		18.85925

		May-96		22.3172		20.7464166667		26.296		25.1936333333		19.3598		18.8179833333

		Jun-96		19.3656		20.5804		24.0677		25.0954166667		18.055		18.7150666667

		Jul-96		18.2422		20.4392583333		23.0952		24.997575		17.1161		18.558475

		Aug-96		17.0562		20.3008416667		21.9912		24.8283333333		16.273		18.3836083333

		Sep-96		17.1312		20.1013666667		22.8372		24.6648083333		16.2559		18.24285

		Oct-96		17.6727		19.6956333333		23.9027		24.49005		16.241		18.1101333333

		Nov-96		19.2625		19.4396416667		24.4615		24.3906166667		17.3093		17.9884

		Dec-96		19.5344		19.4249333333		24.6989		24.3399333333		18.4492		17.9277916667

		Jan-97		21.6		19.4406833333		25.0288		24.257375		19.5865		17.87015

		Feb-97		22.3656		19.4800083333		25.484		24.2953		20.0887		17.8629416667

		Mar-97		21.7641		19.62155		26.0413		24.3632333333		19.5707		17.9210916667

		Apr-97		20.0359		19.861325		25.9761		24.4427083333		19.0164		18.0104666667

		May-97		19.2453		20.06315		25.1028		24.5774416667		17.899		18.1156916667

		Jun-97		19.1891		20.35735		23.4595		24.7634916667		17.3277		18.2186666667

		Jul-97		18.4312		20.5370333333		22.1045		24.937425		16.4244		18.2601166667

		Aug-97		17.5281		20.6427		22.4463		25.1021		16.1865		18.3404

		Sep-97		18.8297		20.7738166667		23.6524		25.2260833333		16.9537		18.4297666667

		Oct-97		20.55		21.044525		24.8564		25.3473333333		17.3135		18.4990833333

		Nov-97		21.6844		21.2677		26.0783		25.5032583333		18.572		18.5743833333

		Dec-97		23.0648		21.3222583333		26.9315		25.7099583333		19.6849		18.594425

		Jan-98		23.7562		21.3460916667		27.116		25.847725		20.0839		18.6023333333

		Feb-98		23.6336		21.3285833333		27.4601		25.8933583333		21.0521		18.6002666667

		Mar-98		23.3375		21.2524083333		27.5291		25.8983833333		20.6431		18.53215

		Apr-98		23.2844		21.196025		27.4311		25.8946166667		19.8482		18.4569333333

		May-98		21.9234		21.1147083333		26.9739		25.843		18.8026		18.3532083333

		Jun-98		19.8438		20.95755		25.9399		25.7746666667		17.5682		18.31575

		Jul-98		18.7172		20.9769583333		23.7577		25.7166083333		16.5193		18.3708666667

		Aug-98		17.318		20.9781916667		22.9939		25.6721083333		16.1617		18.3932666667

		Sep-98		17.9156		21.0556666667		23.7127		25.690325		16.1363		18.4431083333

		Oct-98		19.8734		21.1731166667		24.8112		25.7484583333		16.4109		18.5101

		Nov-98		20.7086		21.2175166667		25.4589		25.7338		17.3273		18.5834333333

		Dec-98		21.1789		21.3189416667		26.1115		25.6596666667		19.2354		18.656525

		Jan-99		23.9891		21.3896416667		26.4193		25.6448833333		20.7453		18.7279583333

		Feb-99		23.6484		21.3887916667		26.9261		25.6275916667		21.3209		18.7583166667

		Mar-99		24.2672		21.369		27.7477		25.5498083333		21.2412		18.7443083333

		Apr-99		24.6938		21.3016833333		28.1287		25.474975		20.6521		18.7722083333

		May-99		22.4562		21.3040916667		26.798		25.4650416667		19.6826		18.8158583333

		Jun-99		21.0609		21.4166583333		25.0503		25.5080916667		18.4453		18.9185583333

		Jul-99		19.5656		21.1828		23.5803		25.4252545455		17.3765		18.7524909091

		Aug-99		17.3078		20.93624		22.7864		25.27517		16.526		18.49565

		Sep-99		17.6781		20.5661333333		22.7793		25.0004444444		15.9682		18.1905888889

		Oct-99		19.0656		20.050175		23.9132		24.6094125		16.7457		17.8829

		Nov-99		20.7375		19.7064571429		25.3397		24.2967571429		17.8511		17.6258

		Dec-99		22.5297		19.4807166667		26.6281		24.1711666667		20.4678		17.4892166667
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Mean SST in ABFZ

Mean SST north of ABFZ

Mean SST south of ABFZ

Months

Temperature (degC)

Long term trend north, south and in the ABFZ 250km offshore.
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Sheet1

				Mean Grad. In frontal zone								Mean gsst in frontal zone 1984						1995		1988		Clim

		Jan-82		0.0403		0.0192				Nov		0.0189						0.0207		0.0248		0.0448

		Feb-82		0.0429		0.0184				Dec		0.0127						0.0226		0.0266		0.0392

		Mar-82		0.0397		0.0183				Jan		0.0168						0.0231		0.0215		0.0347

		Apr-82		0.0405		0.0103				Feb		0.009						0.0087		0.0101		0.0308

		May-82		0.0346		0.0125				Mar		0.0068						0.0069		0.0137		0.0326

		Jun-82		0.0171		0.006				Apr		0.0186						0.0165		0.0168		0.0345

		Jul-82		0.0211		0.0059				May		0.0205						0.0151		0.0177		0.0373

		Aug-82		0.019		0.0077				Jun		0.0144						0.0174		0.0142		0.0321

		Sep-82		0.0185		0.0091				Jul		0.0174						0.0155		0.0139		0.029

		Oct-82		0.0272		0.0141				Aug		0.0118						0.0196		0.0179		0.0271

		Nov-82		0.0397		0.0153				Sep		0.0208						0.0215		0.0203		0.0336

		Dec-82		0.0421		0.0105				Oct		0.0253						0.0224		0.0151		0.0409

		Jan-83		0.0324		0.0234

		Feb-83		0.0369		0.0157

		Mar-83		0.0399		0.0157

		Apr-83		0.036		0.0109

		May-83		0.0285		0.0135

		Jun-83		0.0166		0.0115

		Jul-83		0.0267		0.007

		Aug-83		0.0131		0.009

		Sep-83		0.0271		0.0086

		Oct-83		0.0383		0.008

		Nov-83		0.0396		0.0105

		Dec-83		0.0262		0.0144

		Jan-84		0.0339		0.0189

		Feb-84		0.0169		0.022

		Mar-84		0.013		0.0246

		Apr-84		0.0361		0.0226

		May-84		0.0411		0.0117

		Jun-84		0.0301		0.0146

		Jul-84		0.0351		0.0132

		Aug-84		0.0224		0.0115

		Sep-84		0.0396		0.006

		Oct-84		0.05		0.0106

		Nov-84		0.0458		0.015

		Dec-84		0.0384		0.0153

		Jan-85		0.031		0.0167

		Feb-85		0.0237		0.0109

		Mar-85		0.0467		0.0155

		Apr-85		0.0297		0.0154

		May-85		0.0347		0.01

		Jun-85		0.0308		0.013

		Jul-85		0.031		0.0048

		Aug-85		0.0282		0.0039

		Sep-85		0.0354		0.0082

		Oct-85		0.0331		0.0123

		Nov-85		0.0439		0.0023

		Dec-85		0.044		0.0179

		Jan-86		0.0385		0.0191

		Feb-86		0.0263		0.0183

		Mar-86		0.0274		0.0212

		Apr-86		0.0245		0.0204

		May-86		0.0455		0.017

		Jun-86		0.0215		0.0124

		Jul-86		0.0241		0.0061

		Aug-86		0.0213		0.006

		Sep-86		0.0292		0.0128

		Oct-86		0.0333		0.0098

		Nov-86		0.0482		0.0146

		Dec-86		0.0464		0.0096

		Jan-87		0.0488		0.0168

		Feb-87		0.0454		0.0194

		Mar-87		0.0377		0.0192

		Apr-87		0.0262		0.0151

		May-87		0.0367		0.0095

		Jun-87		0.0269		0.0087

		Jul-87		0.0299		0.0115

		Aug-87		0.0236		0.011

		Sep-87		0.0371		0.0115

		Oct-87		0.0522		0.0136

		Nov-87		0.0509		0.0136

		Dec-87		0.0537		0.0147

		Jan-88		0.0446		0.0217

		Feb-88		0.0215		0.0194

		Mar-88		0.0272		0.0108

		Apr-88		0.0352		0.0129

		May-88		0.0312		0.0185

		Jun-88		0.0269		0.0087

		Jul-88		0.0307		0.0054

		Aug-88		0.0355		0.0029

		Sep-88		0.0378		0.0054

		Oct-88		0.0319		0.0109

		Nov-88		0.0428		0.0142

		Dec-88		0.0388		0.0143

		Jan-89		0.0382		0.0161

		Feb-89		0.0255		0.0149

		Mar-89		0.0296		0.0224

		Apr-89		0.0286		0.0149

		May-89		0.0469		0.0105

		Jun-89		0.0316		0.0105

		Jul-89		0.0264		0.0082

		Aug-89		0.0249		0.0054

		Sep-89		0.0351		0.0076

		Oct-89		0.0449		0.0126

		Nov-89		0.0367		0.0163

		Dec-89		0.0299		0.0174

		Jan-90		0.0266		0.0185

		Feb-90		0.0189		0.0139

		Mar-90		0.0381		0.0139

		Apr-90		0.0353		0.0106

		May-90		0.0351		0.0105

		Jun-90		0.0292		0.0132

		Jul-90		0.0202		0.0094

		Aug-90		0.0455		0.007

		Sep-90		0.0257		0.0091

		Oct-90		0.0392		0.0147

		Nov-90		0.0488		0.0161

		Dec-90		0.0422		0.0133

		Jan-91		0.0235		0.0212

		Feb-91		0.0349		0.0182

		Mar-91		0.0467		0.0139

		Apr-91		0.029		0.0141

		May-91		0.036		0.0143

		Jun-91		0.0457		0.009

		Jul-91		0.0299		0.0056

		Aug-91		0.0251		0.0071

		Sep-91		0.0258		0.0065

		Oct-91		0.0408		0.0105

		Nov-91		0.0448		0.0198

		Dec-91		0.0261		0.0162

		Jan-92		0.0401		0.0217

		Feb-92		0.0496		0.0171

		Mar-92		0.0348		0.0192

		Apr-92		0.044		0.0123

		May-92		0.04		0.013

		Jun-92		0.0367		0.0117

		Jul-92		0.0229		0.0094

		Aug-92		0.0344		0.0098

		Sep-92		0.0324		0.0104

		Oct-92		0.0395		0.0131

		Nov-92		0.0507		0.0137

		Dec-92		0.0459		0.0182

		Jan-93		0.0253		0.0217

		Feb-93		0.0417		0.0209

		Mar-93		0.019		0.0255

		Apr-93		0.0354		0.0118

		May-93		0.0297		0.0073

		Jun-93		0.0372		0.0093

		Jul-93		0.0358		0.0064
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Sheet1

				AVESSTA								DSSSTA

		Jan-82		-1.3274						Jan-82		-0.4528

		Feb-82		-1.3725						Feb-82		-0.506

		Mar-82		-1.2309						Mar-82		-0.3724

		Apr-82		-2.3914						Apr-82		-1.5412

		May-82		-1.7076						May-82		-0.8655

		Jun-82		-2.7783						Jun-82		-1.9443

		Jul-82		-1.4449						Jul-82		-0.619

		Aug-82		-0.8519						Aug-82		-0.0341

		Sep-82		-1.0142						Sep-82		-0.2046

		Oct-82		-1.2229						Oct-82		-0.4215

		Nov-82		-1.3				RM SSTA		Nov-82		-0.5067				RM DSSTA

		Dec-82		-0.644		Dec-82		-1.4405		Dec-82		0.1412		Dec-82		-0.610575

		Jan-83		0.2606		Jan-83		-1.3081666667		Jan-83		1.0376		Jan-83		-0.486375

		Feb-83		-0.8485		Feb-83		-1.2645		Feb-83		-0.0796		Feb-83		-0.4508416667

		Mar-83		-1.8453		Mar-83		-1.3157		Mar-83		-1.0845		Mar-83		-0.5101833333

		Apr-83		-1.535		Apr-83		-1.2443333333		Apr-83		-0.7824		Apr-83		-0.44695

		May-83		-1.87		May-83		-1.2578666667		May-83		-1.1255		May-83		-0.4686166667

		Jun-83		-2.2761		Jun-83		-1.2160166667		Jun-83		-1.5398		Jun-83		-0.4349083333

		Jul-83		-1.6865		Jul-83		-1.23615		Jul-83		-0.9582		Jul-83		-0.463175

		Aug-83		-1.1039		Aug-83		-1.25715		Aug-83		-0.3838		Aug-83		-0.4923166667

		Sep-83		-0.6006		Sep-83		-1.2226833333		Sep-83		0.1114		Sep-83		-0.4659833333

		Oct-83		-0.3137		Oct-83		-1.1469166667		Oct-83		0.3901		Oct-83		-0.39835

		Nov-83		-0.6348		Nov-83		-1.0914833333		Nov-83		0.0609		Nov-83		-0.35105

		Dec-83		-0.804		Dec-83		-1.1048166667		Dec-83		-0.1164		Dec-83		-0.3725166667

		Jan-84		0.4094		Jan-84		-1.0924166667		Jan-84		1.0888		Jan-84		-0.36825

		Feb-84		1.3307		Feb-84		-0.9108166667		Feb-84		2.0019		Feb-84		-0.1947916667

		Mar-84		1.9305		Mar-84		-0.5961666667		Mar-84		2.5937		Mar-84		0.111725

		Apr-84		1.2982		Apr-84		-0.3600666667		Apr-84		1.9532		Apr-84		0.3396916667

		May-84		0.4996		May-84		-0.1626		May-84		1.1464		May-84		0.5290166667

		Jun-84		2.4111		Jun-84		0.228		Jun-84		3.0498		Jun-84		0.9114833333

		Jul-84		1.3133		Jul-84		0.4779833333		Jul-84		1.9439		Jul-84		1.153325

		Aug-84		1.6773		Aug-84		0.70975		Aug-84		2.2998		Aug-84		1.3769583333

		Sep-84		1.1662		Sep-84		0.8569833333		Sep-84		1.7805		Sep-84		1.51605

		Oct-84		0.3479		Oct-84		0.9121166667		Oct-84		0.9541		Oct-84		1.56305

		Nov-84		-0.29		Nov-84		0.94085		Nov-84		0.308		Nov-84		1.5836416667

		Dec-84		-0.6108		Dec-84		0.95695		Dec-84		-0.0209		Dec-84		1.5916

		Jan-85		-0.4998		Jan-85		0.8811833333		Jan-85		0.0819		Jan-85		1.5076916667

		Feb-85		-0.7133		Feb-85		0.71085		Feb-85		-0.1397		Feb-85		1.329225

		Mar-85		-2.1681		Mar-85		0.3693		Mar-85		-1.6026		Mar-85		0.9795333333

		Apr-85		-0.8738		Apr-85		0.1883		Apr-85		-0.3165		Apr-85		0.7903916667

		May-85		-1.3564		May-85		0.0336333333		May-85		-0.8072		May-85		0.6275916667

		Jun-85		-0.7605		Jun-85		-0.2306666667		Jun-85		-0.2194		Jun-85		0.3551583333

		Jul-85		-0.5099		Jul-85		-0.3826		Jul-85		0.0231		Jul-85		0.1950916667

		Aug-85		-0.4151		Aug-85		-0.5569666667		Aug-85		0.1097		Aug-85		0.0125833333

		Sep-85		-1.2966		Sep-85		-0.7622		Sep-85		-0.7799		Sep-85		-0.2007833333

		Oct-85		-1.1065		Oct-85		-0.8834		Oct-85		-0.598		Oct-85		-0.330125

		Nov-85		-0.3448		Nov-85		-0.8879666667		Nov-85		0.1556		Nov-85		-0.342825

		Dec-85		-0.1856		Dec-85		-0.8525333333		Dec-85		0.3067		Dec-85		-0.315525

		Jan-86		-0.3418		Jan-86		-0.8393666667		Jan-86		0.1423		Jan-86		-0.3104916667

		Feb-86		0.7079		Feb-86		-0.7209333333		Feb-86		1.1839		Feb-86		-0.2001916667

		Mar-86		0.7695		Mar-86		-0.4761333333		Mar-86		1.2374		Mar-86		0.036475

		Apr-86		0.735		Apr-86		-0.3420666667		Apr-86		1.1947		Apr-86		0.1624083333

		May-86		0.84		May-86		-0.1590333333		May-86		1.2916		May-86		0.3373083333

		Jun-86		-0.3165		Jun-86		-0.1220333333		Jun-86		0.1269		Jun-86		0.3661666667

		Jul-86		-1.1331		Jul-86		-0.1739666667		Jul-86		-0.6978		Jul-86		0.3060916667

		Aug-86		-1.1147		Aug-86		-0.2322666667		Aug-86		-0.6875		Aug-86		0.2396583333

		Sep-86		-0.9222		Sep-86		-0.2010666667		Sep-86		-0.5031		Sep-86		0.262725

		Oct-86		-1.6925		Oct-86		-0.2499		Oct-86		-1.2816		Oct-86		0.2057583333

		Nov-86		-1.8116		Nov-86		-0.3721333333		Nov-86		-1.4088		Nov-86		0.0753916667

		Dec-86		-0.7616		Dec-86		-0.4201333333		Dec-86		-0.367		Dec-86		0.01925

		Jan-87		-1.149		Jan-87		-0.4874		Jan-87		-0.7626		Jan-87		-0.0561583333

		Feb-87		-1.3705		Feb-87		-0.6606		Feb-87		-0.9922		Feb-87		-0.2375

		Mar-87		-0.7693		Mar-87		-0.7888333333		Mar-87		-0.399		Mar-87		-0.3738666667

		Apr-87		-0.285		Apr-87		-0.8738333333		Apr-87		0.077		Apr-87		-0.4670083333

		May-87		-0.3616		May-87		-0.9739666667		May-87		-0.0077		May-87		-0.5752833333

		Jun-87		0.1051		Jun-87		-0.9388333333		Jun-87		0.4509		Jun-87		-0.5482833333

		Jul-87		-0.2543		Jul-87		-0.8656		Jul-87		0.0834		Jul-87		-0.4831833333

		Aug-87		0.0441		Aug-87		-0.7690333333		Aug-87		0.3737		Aug-87		-0.39475

		Sep-87		-0.1414		Sep-87		-0.7039666667		Sep-87		0.18		Sep-87		-0.337825

		Oct-87		0.4007		Oct-87		-0.5295333333		Oct-87		0.7139		Oct-87		-0.1715333333

		Nov-87		0.046		Nov-87		-0.3747333333		Nov-87		0.3511		Nov-87		-0.024875

		Dec-87		-0.1552		Dec-87		-0.3242		Dec-87		0.1418		Dec-87		0.017525

		Jan-88		0.3334		Jan-88		-0.2006666667		Jan-88		0.6222		Jan-88		0.132925

		Feb-88		2.0963		Feb-88		0.0882333333		Feb-88		2.377		Feb-88		0.4136916667

		Mar-88		0.7807		Mar-88		0.2174		Mar-88		1.0533		Mar-88		0.5347166667

		Apr-88		-0.4142		Apr-88		0.2066333333		Apr-88		-0.1498		Apr-88		0.5158166667

		May-88		1.5824		May-88		0.3686333333		May-88		1.8387		May-88		0.6696833333

		Jun-88		0.1051		Jun-88		0.3686333333		Jun-88		0.3532		Jun-88		0.6615416667

		Jul-88		-0.1055		Jul-88		0.3810333333		Jul-88		0.1346		Jul-88		0.6658083333

		Aug-88		0.1209		Aug-88		0.3874333333		Aug-88		0.3528		Aug-88		0.6640666667

		Sep-88		-0.3866		Sep-88		0.367		Sep-88		-0.1628		Sep-88		0.6355

		Oct-88		-1.0717		Oct-88		0.2443		Oct-88		-0.8561		Oct-88		0.5046666667

		Nov-88		-0.198		Nov-88		0.2239666667		Nov-88		0.0095		Nov-88		0.4762

		Dec-88		0.0168		Dec-88		0.2383		Dec-88		0.2162		Dec-88		0.4824

		Jan-89		0.1854		Jan-89		0.2259666667		Jan-89		0.3766		Jan-89		0.4619333333

		Feb-89		0.3207		Feb-89		0.078		Feb-89		0.5037		Feb-89		0.305825

		Mar-89		-0.2613		Mar-89		-0.0088333333		Mar-89		-0.0863		Mar-89		0.2108583333

		Apr-89		0.3518		Apr-89		0.055		Apr-89		0.5186		Apr-89		0.2665583333

		May-89		0.6048		May-89		-0.0264666667		May-89		0.7634		May-89		0.17695

		Jun-89		0.4099		Jun-89		-0.0010666667		Jun-89		0.5604		Jun-89		0.1942166667

		Jul-89		-0.4179		Jul-89		-0.0271		Jul-89		-0.2755		Jul-89		0.1600416667

		Aug-89		-0.3855		Aug-89		-0.0693		Aug-89		-0.2512		Aug-89		0.1097083333

		Sep-89		-0.091		Sep-89		-0.0446666667		Sep-89		0.0351		Sep-89		0.1262

		Oct-89		-0.0765		Oct-89		0.0382666667		Oct-89		0.0415		Oct-89		0.201

		Nov-89		-0.1888		Nov-89		0.0390333333		Nov-89		-0.079		Nov-89		0.193625

		Dec-89		-0.3452		Dec-89		0.0088666667		Dec-89		-0.2435		Dec-89		0.1553166667

		Jan-90		0.0462		Jan-90		-0.0027333333		Jan-90		0.1397		Jan-90		0.135575

		Feb-90		-0.3901		Feb-90		-0.0619666667		Feb-90		-0.3047		Feb-90		0.0682083333

		Mar-90		-0.4397		Mar-90		-0.0768333333		Mar-90		-0.3624		Mar-90		0.0452

		Apr-90		-1.1642		Apr-90		-0.2031666667		Apr-90		-1.0951		Apr-90		-0.089275

		May-90		-0.2656		May-90		-0.2757		May-90		-0.2046		May-90		-0.1699416667

		Jun-90		-0.6493		Jun-90		-0.3639666667		Jun-90		-0.5964		Jun-90		-0.2663416667

		Jul-90		-1.1087		Jul-90		-0.4215333333		Jul-90		-1.0639		Jul-90		-0.3320416667

		Aug-90		-0.2995		Aug-90		-0.4143666667		Aug-90		-0.2628		Aug-90		-0.3330083333

		Sep-90		-0.1442		Sep-90		-0.4188		Sep-90		-0.1157		Sep-90		-0.345575

		Oct-90		0.2019		Oct-90		-0.3956		Oct-90		0.2222		Oct-90		-0.3305166667

		Nov-90		0.5168		Nov-90		-0.3368		Nov-90		0.529		Nov-90		-0.27985

		Dec-90		-0.1588		Dec-90		-0.3212666667		Dec-90		-0.1547		Dec-90		-0.27245

		Jan-91		0.2078		Jan-91		-0.3078		Jan-91		0.2037		Jan-91		-0.2671166667

		Feb-91		-0.5969		Feb-91		-0.3250333333		Feb-91		-0.6091		Feb-91		-0.2924833333

		Mar-91		-0.4461		Mar-91		-0.3255666667		Mar-91		-0.4664		Mar-91		-0.30115

		Apr-91		0.723		Apr-91		-0.1683		Apr-91		0.6945		Apr-91		-0.1520166667

		May-91		2.1192		May-91		0.0304333333		May-91		2.0826		May-91		0.0385833333

		Jun-91		1.4939		Jun-91		0.2090333333		Jun-91		1.4491		Jun-91		0.2090416667

		Jul-91		-0.0915		Jul-91		0.2938		Jul-91		-0.1443		Jul-91		0.285675

		Aug-91		-1.1847		Aug-91		0.2200333333		Aug-91		-1.2457		Aug-91		0.2037666667

		Sep-91		-1.0486		Sep-91		0.1446666667		Sep-91		-1.1177		Sep-91		0.1202666667

		Oct-91		-0.9989		Oct-91		0.0446		Oct-91		-1.0762		Oct-91		0.0120666667

		Nov-91		-0.9596		Nov-91		-0.0784333333		Nov-91		-1.045		Nov-91		-0.1191

		Dec-91		-1.174		Dec-91		-0.1630333333		Dec-91		-1.2676		Dec-91		-0.2118416667

		Jan-92		-0.9914		Jan-92		-0.2629666667		Jan-92		-1.0931		Jan-92		-0.3199083333

		Feb-92		-1.5553		Feb-92		-0.3428333333		Feb-92		-1.6652		Feb-92		-0.4079166667

		Mar-92		-1.4593		Mar-92		-0.4272666667		Mar-92		-1.5772		Mar-92		-0.5004833333

		Apr-92		-1.2606		Apr-92		-0.5925666667		Apr-92		-1.3868		Apr-92		-0.673925

		May-92		-1.5504		May-92		-0.8983666667		May-92		-1.6847		May-92		-0.9878666667

		Jun-92		-0.8617		Jun-92		-1.0946666667		Jun-92		-1.0041		Jun-92		-1.1923

		Jul-92		-0.5911		Jul-92		-1.1363		Jul-92		-0.7416		Jul-92		-1.242075

		Aug-92		-0.0287		Aug-92		-1.0399666667		Aug-92		-0.1873		Aug-92		-1.153875

		Sep-92		-1.0008		Sep-92		-1.0359833333		Sep-92		-1.1676		Sep-92		-1.1580333333

		Oct-92		0.422		Oct-92		-0.917575		Oct-92		0.2471		Oct-92		-1.0477583333

		Nov-92		-0.3898		Nov-92		-0.8700916667		Nov-92		-0.5729		Nov-92		-1.0084166667

		Dec-92		0.0702		Dec-92		-0.7664083333		Dec-92		-0.121		Dec-92		-0.9128666667

		Jan-93		0.6903		Jan-93		-0.6262666667		Jan-93		0.491		Jan-93		-0.7808583333

		Feb-93		0.2344		Feb-93		-0.477125		Feb-93		0.0269		Feb-93		-0.63985

		Mar-93		0.5281		Mar-93		-0.3115083333		Mar-93		0.3125		Mar-93		-0.482375

		Apr-93		-0.9421		Apr-93		-0.2849666667		Apr-93		-1.1658		Apr-93		-0.4639583333

		May-93		-1.2043		May-93		-0.256125		May-93		-1.4362		May-93		-0.44325

		Jun-93		-0.7668		Jun-93		-0.2482166667		Jun-93		-1.0068		Jun-93		-0.443475

		Jul-93		0.5543		Jul-93		-0.1527666667		Jul-93		0.3061		Jul-93		-0.3561666667

		Aug-93		0.0861		Aug-93		-0.1432		Aug-93		-0.1702		Aug-93		-0.3547416667

		Sep-93		1.3968		Sep-93		0.0566		Sep-93		1.1323		Sep-93		-0.1630833333

		Oct-93		0.9824		Oct-93		0.1033		Oct-93		0.7099		Oct-93		-0.1245166667

		Nov-93		1.0778		Nov-93		0.2256		Nov-93		0.797		Nov-93		-0.0103583333

		Dec-93		0.2262		Dec-93		0.2386		Dec-93		-0.0627		Dec-93		-0.0055

		Jan-94		-1.0069		Jan-94		0.0971666667		Jan-94		-1.3039		Jan-94		-0.155075

		Feb-94		-0.5996		Feb-94		0.0276666667		Feb-94		-0.9047		Feb-94		-0.2327083333

		Mar-94		-0.1019		Mar-94		-0.0248333333		Mar-94		-0.4151		Mar-94		-0.2933416667

		Apr-94		-0.1157		Apr-94		0.0440333333		Apr-94		-0.4371		Apr-94		-0.2326166667

		May-94		-0.0371		May-94		0.1413		May-94		-0.3666		May-94		-0.1434833333

		Jun-94		-0.1984		Jun-94		0.1886666667		Jun-94		-0.536		Jun-94		-0.10425

		Jul-94		0.2063		Jul-94		0.1596666667		Jul-94		-0.1395		Jul-94		-0.1413833333

		Aug-94		-0.1117		Aug-94		0.1431833333		Aug-94		-0.4656		Aug-94		-0.166

		Sep-94		0.6454		Sep-94		0.0805666667		Sep-94		0.2834		Sep-94		-0.2367416667

		Oct-94		0.0929		Oct-94		0.0064416667		Oct-94		-0.2773		Oct-94		-0.3190083333

		Nov-94		-0.361		Nov-94		-0.1134583333		Nov-94		-0.7394		Nov-94		-0.4470416667

		Dec-94		-0.1914		Dec-94		-0.1482583333		Dec-94		-0.5779		Dec-94		-0.489975

		Jan-95		0.6818		Jan-95		-0.0075333333		Jan-95		0.2871		Jan-95		-0.3573916667

		Feb-95		2.3019		Feb-95		0.2342583333		Feb-95		1.8991		Feb-95		-0.1237416667

		Mar-95		3.4087		Mar-95		0.5268083333		Mar-95		2.9979		Mar-95		0.160675

		Apr-95		2.149		Apr-95		0.7155333333		Apr-95		1.7299		Apr-95		0.3412583333

		May-95		0.0932		May-95		0.7263916667		May-95		-0.334		May-95		0.343975

		Jun-95		0.6675		Jun-95		0.79855		Jun-95		0.2322		Jun-95		0.4079916667
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