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INFORMATION SHEET ON OBSERVED CLIMATE (AND MARINE) INDICATORS
FOR THE CIRCE COASTAL CASE STUDIES: GULF OF ORAN, ALGERIA
Summary

· The coastal zone of Oran has a Mediterranean semi-arid climate. The combined effects of climate hazards and a growing economy present a critical challenge for the future
· Maximum temperature has shown a warming trend since the 1970s.
· The frequency of hot days (tx90n) has increased significantly.
· Total annual rainfall has decreased since the mid 1970s, and a marked seasonal shift has been observed in daily rain occurrence.
· In recent decades, autumn storm activity has become more frequent.
1. Introduction 

Oran is located in a semi-arid region bordered by the Saharan desert to the south and the Mediterranean Sea to the north. The climate displays strong inter-annual variability, being moderately wet and cool during winters and dry and warm during summers. The coastal area is a fertile strip of land with a high concentration of human activities. During the last fifty years, Oran has experienced extensive economic development triggering a significant increase in land use. The Gulf of Oran is an important location for economic growth and as a tourist attraction. However, its juxtaposition between a large desert and the Mediterranean Sea makes it vulnerable to desertification. Continental and marine ecosystems are rich and diversified, but the coastal zone is experiencing rapid socio-economic change and climate exerts a strong influence on the present and future development of Oran as Algeria’s second city. Annual rainfall is relatively low, and with a growing demand for water, the scarcity of water resources is imposing a major constraint on development. In addition, extreme climate events (such as heat waves, severe storms and strong winds) present a major challenge to decision makers.
2. Indicators of observed climate variability

The three key climate indicators chosen to represent observed climate hazards in the Gulf of Oran are: maximum temperature; annual total rainfall and mean daily rainfall distribution; and annual storm frequency.
Maximum temperature
What is it? 

The maximum temperature of Oran is representative of the North West region of Algeria, and is influenced by a combination of Mediterranean and continental influences. Mean annual maximum temperature (Tx) is presented for the period 1926-2007 as anomalies from the 1971-2000 baseline. A second series shows the annual number of hot days (events exceeding the Tx 90th percentile – the threshold of the 10% of hottest days).
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Figure 1: Annual maximum temperature in Oran, anomalies from the 1971-200 average, for the years 1927-2000.  The solid blue line is a moving average
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Figure 2: Annual number of hot days (Tx exceeds the 90th percentile). Linear regression (solid line); moving average 
(dashed line).
What does this show? 

Despite inter-annual variability, a marked rise in maximum temperature is evident from the early 1970s (Figure 1). Compared to an earlier period of warming, 1927-1950, this rise shows a faster rate of increase. Moreover, there is a clear positive trend in the annual number of hot days (Figure 2). 


Why is this important? 

Variability and change in maximum temperature has a considerable impact on many sectors such as agriculture, human health, energy and tourism. The effects of temperature extremes are more pronounced in the summer. For example, the mean Tx in Oran was 30.2°C in July 2003 (climate normal is 24.8°C) with an absolute maximum of 38°C.
Rainfall
What is it?  
The main indicator is annual total rainfall for the period 1926-2007 (Figure 3). In addition, the mean daily rainfall (Figure 4) and the daily probability of rain (Figure 5) were examined for the first half of the series (1941-1970) and the second half of the series (1971-2000).
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Figure 3: Annual total rainfall in Oran (1926-2007)
What does this show?  
At the annual scale, a negative trend is observed from the beginning of the 1970s to the present. Although Oran experienced a drought in the 1940s
, the general reduction in annual rainfall since the 1970s is more pronounced than the earlier decline. The linear trend is significant at the 0.05 level (Mann-Whitney U test) and a series break point was detected in 1976 (Pettit test). The analysis of a longer series 
(1878-2007) reveals that the most severe period of rainfall deficit is represented by 30-year period from 1977 to 2007. Mean annual total rainfall decreased significantly from 407 mm for the period 1927-1977 to 320 mm for the period 1978-2007.

Why is this important?
Oran is located in a semi-arid region and annual total rainfall is a key climate indicator. Many vital activities are influenced by short-term variability in the rainfall regime. Water resources are scarce in the case-study area and the effects of urbanization and economic growth combined with a change in the rainfall regime present a complex challenge for future development. Recent investment in desalinization plants reflects the urgency of the problem. A further difficulty is the need to share this vital but scarce resource between a variety of consumers (domestic, agricultural, industrial, and tourists).
To illustrate observed changes in the rainfall regime for the region, the seasonal cycles of the mean daily rainfall (Figure 4) and the daily probability of rain (Figure 5) are presented for two separate periods, 1941-1970 and 1971-2000. Figure 4 suggests that the observed downward trend in rainfall is concentrated in the winter season (November to February). The predominance of a winter rainy season (1941-1970) has been replaced by two rainy seasons (winter and spring) in the latter half of the record (1971-2000). A change in the daily probability of rain seems to have occurred (Figure 5), with the rainy season shifting from winter months (Jan-Feb) in the period 1941-1970 to spring months (Feb-Mar-Apr) in the period 1971-2000.
 Although not statistically significant, this apparent shift deserves further investigation since it could reflect changes in the climate dynamics of the region with a progressive shift from a typical Mediterranean climate to a more “tropical” climate.
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Figure 4: Mean daily rainfall for two periods (1941-1970, 1971-2000). Lower x axis – days of the year; Upper axis – months of the year
[image: image5.jpg]Distribution journaliére de la probabilité d'avoi
Station D'oran

jour 3 pluvieux avec J-1 pluvieux

15eP 1DEC 1MAR 100N 31 80U

06

05

04

03

02

01

50 100 150 200 250 a00 350
Jour de I'année





Figure 5: Probability of rain in day D given rain in day D-1. Lower x axis – days of the year; Upper axis – months of the year
Storm
 frequency
What is it?  
The distribution of storm frequency is analyzed for the period 1950-2007 in terms of annual and seasonal occurrence. A storm event is defined according to the WMO specification
.
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Figure 6: Annual number of storms in Oran during the period 1950-2007
What does this show?
The annual number of storms does not exhibit significant change during the observed period, although the most extreme values have occurred since the year 1970 (Figure 6). On a seasonal basis, a clear increase 
in storm frequency is evident in the autumn season (Figure 7). This increase may be linked to 
the recent floods 
affecting the north-west region of Algeria.


Why is this important?
Oran has a Mediterranean semi-arid climate with a rainfall regime mainly governed by mid-latitudes disturbances and the so-called Mediterranean cyclones
. In general, rainfall results from active convective activity
 and is concentrated within a small number of days. These intense rainfall events can be accompanied by adverse consequences such as floods, strong winds, and coastal damage.
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Figure 7: Seasonal number of storms in Oran (1950-2007)



3. Risks of current climate and marine hazards
Observed changes in the key climate and marine indicators for Oran are summarised in Table 1.  For each indicator, the baseline period, 1971-2000 was used as the critical threshold for determining the hazard.
Table 1: Change in the climate indicators (hazards) for Oran.  
	Climate Indicator (hazard)
	Change (per decade)

	Region

(or stations)
	Time period
	Likelihood§

	Maximum temperature
	Increase especially in summer 
Increase in frequency of hot days (tx90n) 


	Oran station
	1926-2007
	Likely

	Rainfall
	Significant decrease (a breakpoint was detected in 1976).

Shift in the peak daily probability of rain 
	Oran station
	1926-2007
	Likely

About as likely as not

	Storm frequency
	Apparent increase in autumn
	Oran station
	1950-2007
	About as likely as not


§ 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 coastal region of Oran is an important magnet for economic activities in Algeria. Industrial activity is concentrated in a narrow coastal strip with industrial effluents being discharged into the littoral environment. Uncontrolled urbanization, a history of heavy industry and inadequate management of solid and hazardous waste are the key environmental concerns of the region. Industrial plants are generally located within the city limits, negatively affecting the urban environment. However, the industry offers employment and contributes to urban population growth. In the summer season, environmental pressure is further intensified through tourism activities. Oran is located in the north west of Algeria, a region marked by shortages in water resources that constitute a powerful constraint to continuing economic development. In addition, extreme climate events such as severe storms or heat waves represent an additional challenge to the management of water resources, energy supply, health services and forest fires. The importance of climate and marine conditions has been given recent attention as crucial components of Coastal Management Plans and future tourism projects.
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�Is this a moving average? If so, what period of time is the average computed for, eg 10-year moving average?


�Is this a moving average? If so, what period of time is the average computed for, eg 10-year moving average?


�Low rainfall does not necessarily equate to a drought.


�Is this a different station? If so, can you give details?


�Wording changed from: “The probabilistic graphs indicate the existence of two rainy seasons (winter and spring). A shift occurred in the 1970-2000 period and the rainy season seems to be concentrated during January-February-March”. Is this ok?


�Wind or cyclones?


�There are many different ways of defining storms. Can we spell this out? For example, wind storm defined using a threshold >24 m/s?


�Is this increase significant? What is the rate of change per decade?


�In what way are the storms linked to the floods? Mechanistically – rainfall?


�When did these floods occur (season, year?) can you provide any more details?


�This doesn’t seem to be specifically related to the number of storms.


�But what is the link between storms and convection?


�Can you redo Figure 7 and just show the plot for autumn. Please use fewer tick marks for the years on the x axis, so that the years can be clearly seen.  We can then place Figure 7 alongside the annual plot Figure 6 so that it fits on one page.


�Can you give the rate of change per decade for each indicator in the table?


�None of these are cited. Do you want to insert references in the text, or shall we change the title of this section from ‘References’ to ‘Bibliography’.
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