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Information sheet on observed climate indicators
for the CIRCE coastal case studies: Gulf of Gabès, Tunisia
Summary
Observed climate and marine conditions for the Gulf of Gabès are described using a set of indicators derived for three illustrative sites Sfax, Gabès and Djerba. Changes in the indicator series over time were examined and the key results suggest:
· Maximum air temperature is increasing. The increase is highest in summer and autumn when the trend is around 0.6°C/decade; the increase is lowest in winter (0.18°C/decade).
· Precipitation shows no statistically significant trend during the period 1973-2006. 
· A summer seasonal shift index measuring the start, the end and the duration of the summer season is calculated. The length of the summer season increases by 8 days/decade over the observation period. There is tendency for an earlier start to the season (about 3 days/decade) and for a later end date (about 5 days/decade).
1. Introduction 

The objectives of the Gabès coastal case study are to establish a set of environmental, biological and socio-economic indicators that allow analysis of past and future dynamics of these systems. This information sheet focuses on observed climate and marine conditions. Key variables for the gulf are related to air temperature (e.g., mean, maximum, minimum, very hot days), precipitation (e.g., mean, flooding), and large-scale atmospheric circulation patterns (e.g., wind, pressure, humidity). The most important aspects of the marine environment are related to the physical characteristics of the sea (e.g., temperature, salinity, sea-level, and storm-surges).

2. Indicators of observed climate variability
We present only the four most illustrative indicators of observed climate and marine hazards in this information sheet:
· Seasonal maximum air temperature

· Seasonal rainfall
· Seasonal shift index 

· Relative sea level 
Maximum air temperature
What is it?  
Maximum air temperature indicators cover the period 1973–2008, and anomalies from a long-term average (1973-2000) have been constructed on a monthly and seasonal basis. The daily maximum air temperature series are presented for Sfax for summer and autumn seasons as monthly means. Seasonal linear regression lines are plotted and the mean rate of decadal change is given with 95% confidence limits. 
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Figure 1: Summer (left panel) and autumn (right panel) daily maximum temperature anomalies for Sfax (Gulf of Gabès, Tunisia). Seasonal rates of change (°C/decade) with 95% confidence limits are given in the top text insert (data from http://www.tutiempo.net/en/Climate/Sfax_El-Maou/607500.htm)

What does this show?  
Maximum air temperatures increase in summer and autumn with a rate of about 0.6°C / decade (Figure 1). The lower and upper 95% confidence limits are 0.4°C and 0.8°C. The rate of warming is less for other seasons. Very similar results were found for the two other principal stations (in summer, the rate is 0.55°C / decade for Gabès and 0.7°C / decade for Djerba). For comparison, the trend of the mean summer temperature at Gabès was calculated over the period 1973-2008 based on the above mentioned daily data and on monthly data archived at the Goddard Institute for Space Studies (GISS, www.giss.nasa.gov). Mean summer temperature increases at rates of 0.58°C/decade and 0.53°C/decade respectively, both close to the maximum temperature rate. For the entire year, the mean temperature trend (0.46°C/decade; GISS data) is slightly less than in summer.
The air warming is accelerating. The trend of the summer mean temperature at Gabès for the period 1973-2008 is almost double that of the trend for the longer period (1950-2008), 0.23°C/decade.
Why is this important?
Air temperature is rising at a relatively fast rate in the gulf, and is mirrored by a commensurate rise in the shallow marine areas of the Gulf of Gabès which are particularly sensitive to atmospheric warming. An increase in air temperatures can also lead to serious economic consequences in sectors such as agriculture (increase in irrigation demand) and tourism (heat extremes may deter visitors).
Seasonal rainfall
What is it? 

Seasonal averages of monthly rainfall data were calculated and are shown for winter in Sfax and Gabès, for the years 1973 to 2006 (Figure 2). 
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Figure 2: Seasonal rainfall average (mm) for Sfax and Gabès (Gulf of Gabès, Tunisia) for winter. Rates of change (mm/decade) with 95% confidence limits are given in the top text insert. Data are from the ‘Direction Générale des Ressources en Eau, Ministère de l’Agriculture, des Ressources Hydrauliques et de la Pêche’, Tunisia
What does this show? 

The observed series indicate that winter rainfall exhibits different behaviour according to the geographical location. It increases at a rate of +3.6 mm/decade in Sfax and decreases at a rate of -17 mm/decade in Gabès. However trends (at the 95% confidence level) are not significant. Such differences are also found for other seasons. Similar results were in addition found using data from the online date base http://www.tutiempo.net/en/Climate/Sfax_El-Maou/607500.htm. These results indicate that decadal variability is large and makes difficult the precise determination of trends for the recent years.

Why is this important? 

The above results can generally be viewed as positive for the Gulf of Gabès. There is, for example, no evident tendency towards drought at least during the period examined. However they suggest that further diagnostics including a careful investigation of the decadal variability and the use of longer time series are needed. 
Seasonal Shift Index
What is it?  
The Seasonal Shift Index measures the start, the end and the duration of the summer season in the Gulf of Gabès. The summer season begins when the daily air temperature reaches 23°C for the first time in the year. This threshold is rather arbitrary but divides the data into contrasting winter and summer seasons. The season ends when the daily maximum temperature is lower than 23°C for the first time at the end of the summer season (from August onwards). The index has been calculated for the period 1960–2008 (Figure 3).
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Figure 3: Seasonal Shift Index (T>23°C). Start of the season (red); end of the season (blue); season duration (green). Text insert gives rates of change (days/decade) with 95% confidence limits. (data are from http://www.tutiempo.net/en/Climate/Sfax_El-Maou/607500.htm)
What does this show?  
Based on the data set used, the index shows that there is a tendency for an earlier start (~ −3 days/decade) and a later end to the summer season (~ +5 days/decade). Hence the summer season is becoming longer (~ 8 days/decade; upper and lower 95% confidence intervals are 15 days and 2 days). The results are significant at the 95% confidence level. Calculations with a threshold of 25°C lead to similar conclusions: earlier start (~ −2 days/decade) and a later end (~ +5 days/decade).
Why is this important?  
A lengthening of the summer season may allow an extension of tourism activities in the Gulf of Gabès, especially in the island of Djerba. This is particularly important when most of the tourism in the gulf is beach tourism. However, an extension of the summer season could have negative consequences for agriculture and marine species that are not able to adapt to the longer period of warmth.
Relative sea level
What is it?
The relative sea-level index presented in Figure 4 shows the monthly anomalies (from the series average) of sea level measured at Sfax harbour for the period 1999-2007. The tide gauge used for these measurements is one of the most carefully maintained in the Gulf of Gabès, and the 9-year long series is one of the most complete of the area with only four months missing data.
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Figure 4: Monthly relative sea-level anomalies at Sfax for the period 1999-2007 (data are from 
‘Centre d’Hydrographie et d’Océanographie de la Marine Nationale, Ministère de la Défense Nationale’,Tunisia)
What does this show?  
The series suggests that sea level (relative to land) is rising in Sfax at a rate of 2.6 cm/decade although there is high uncertainty in this trend because the series is so short (lower and upper 95% confidence limits −1.4 cm and +6.6 cm). The rate of increase is slightly higher than the rate of 2.1 cm/decade given by the altimetry data in the Mediterranean basin for the period 1992-2005 (Criado-Aldeanueva et al, 2008). The difference may be explained by substantial land subsidence in the Sfax zone (e.g., several Roman ruins are now under water). However, despite being of high quality the data series is short, and further comparisons with more recent sea-level data from altimetry are required.

Why is this important?  
Whether due to an absolute rise in sea level or the result of land subsidence, sea-level rise could cause wide-reaching negative impacts across the Gulf of Gabès, and in particular for the low-lying islands (Kerkena, Kneiss, and Djerba). These effects would be experienced across sectors as diverse as water resources, agriculture and tourism, and may culminate in serious socio-economic consequences.
3. Risks of current climate and marine hazards
A summary of the key climate and marine hazards for the Gulf of Gabès is presented in Table 1 together with the observed change and expression of likelihood. Climate hazards are indicated for the three principal weather stations representative of the gulf, on an annual or seasonal basis.  

There is evidence of an increase in maximum air temperature and in the frequency of very hot days. There is also a tendency for the summer season (> 23°C) to lengthen, with an earlier start date and later end date. The observed series suggest no significant rainfall trend. In the marine environment of the gulf, observational data suggest that sea level is rising at a rate of 2.6 cm/decade. However, the indicator data representing marine hazards are limited by sampling size and time-series length, and work is in progress to perform the analyses for a larger data set.
Table 1: Change in the climate indicators (hazards) for the Gulf of Gabès. For each indicator, the long-term average (1973-2000) was used as the baseline for determining the rate of change. For relative sea level the long-term average is the period 1999-2007
	Climate Indicator (hazard)
	Change (per decade)
	Region

(or stations)
	Time period
	Likelihood§

	Maximum air Temperature

	Increase, especially in summer and autumn 


	Sfax, Gabès, Djerba
	1973-2008


	Extremely likely except for winter 

	Frequency of very hot days
	Increase of 
+0.7 days/month//decade
	Sfax, Gabès, Djerba
	1966-2008
	Extremely Likely 

	Seasonal shift index 
	Summer season length
Earlier start     −3days/decade
Later end 
+5days/decade
	Sfax: +8 days/decade
Gabès:+5 days/decade
Djerba: +11 days/decade
	1960-2008
	Extremely likely


	Rainfall
	Slight increase, especially in winter

Trends differ according to stations and seasons
	Sfax 

Sfax, Gabès, Djerba
	1973-2006
	Sfax, Djerba and Gabès : As likely as not for all seasons 

	Relative sea level 
	Increase at a rate of 
2.6 cm/decade
	Sfax harbour


	1999-2007
	Series is too short to assess likelihood


§ The terminology for likelihood of occurrence is based on the standard terms used in the IPCC 2007 report: Virtually certain > 99% probability; Extremely likely > 95% probability; Very likely > 90% probability; Likely > 66% probability; More likely than not > 50% probability; About as likely as not 33 to 66% probability; Unlikely < 33% probability; Very unlikely < 10% probability; Extremely unlikely < 5% probability; Exceptionally unlikely < 1% probability
4. Integrating case-study themes
The Gulf of Gabès is a region that is highly vulnerable to sea-level rise because of the nature of the low-lying islands (Sebkhats, islands of Kerkenna, Kneis and Djerba) and beaches. It is also vulnerable to an increase in air and water temperature in sectors such as biodiversity, water resources, agriculture, and tourism. 
Fresh water resources in the region are particularly sensitive to climate warming. Some of the groundwater resources of the coastal zone (around Sfax) already show signs of degradation and are vulnerable to salt-water intrusion. 

Agriculture is among the sectors likely to be most affected by climate change through marine erosion, salinisation and loss of arable land. More than 7000 ha of agricultural land in the Gulf of Gabès could be affected by salinisation. In addition, crop productivity could be reduced by an increase in the number of very hot days.
Tourism could be affected by climate change through beach loss (e.g., Djerba), an extension of the beach tourist season and an increase in the frequency of very hot days. 

Marine biodiversity could be altered (species extinction, in-migration of exotic species) through sea temperature warming and an increase in salinity. A loss of highly valued species (such as the Caramote prawn) could have serious economic consequences to the region. 
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