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Information sheet on observed climate indicators

for the CIRCE rural case studies: the Judean Foothills
Summary

· Mean annual maximum temperature increased by 0.2-0.3(C per decade in the region during the recent period (1970-present). The rise in maximum temperature was more pronounced in the southern part of the case-study region during summer and autumn (an increase of 0.6(C and 0.4(C per decade, respectively). Trends in maximum temperature for the entire 58-year series were not statistically significant.
· Since 1970, mean annual minimum temperature rose by 0.2-0.3(C per decade across the region, while the mean summer and autumn minimum temperature increased by 0.4-0.5(C and 0.3-0.4(C per decade, respectively.
· The frequency of very hot days increased in both parts of the study region, but more so in the southern part. The trend in the frequency of very hot nights was stronger than that of very hot days, and in both regions showed an increase of 6 days per decade during the recent period (1970-present).
· No statistically significant trends in rainfall amount or rainfall distribution were observed throughout the study region for either the recent period or the entire data record.
1. Introduction 
The Judean Foothills cover an area of around 615 km2 in the south-central part of Israel, between the Mediterranean coast and the Judean Mountains. The region is located in the transition between the southern semi-arid and the northern dry sub-humid Mediterranean climate zones, and spans a steep precipitation gradient between 300 mm in the south and 500 mm in the north. This information sheet examines observed data for climate variability and change in the Judean Foothills over the last 58 years. 
2. Indicators of observed climate variability

Climate indicators were calculated from observed temperature (T) and precipitation (P) data, from the following three stations:
· Beit-Jamal, northern part of the region (31°72'49''N, 34°97'62''E): T, P
· Beit-Guvrin, central part of the region (31°36'47''N, 34°53'54''E): P
· Lahav, southern part of the region (31°22'42''N, 34°52'13''E): T, P
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Landscape mosaic of natural shrubland in foreground and background, with plantation and crop fields in middle ground (Left). Field planted in watermelon for seeds, a summer crop using moisture remaining from winter rain (Right).
Annual and seasonal maximum temperature
What is it? 

Data were measured and collected by the Israel Meteorological Service (IMS) for the period 1951 to 2008. Daily maximum temperature was averaged on an annual and seasonal basis, and the deviation from the 1971-2000 average is shown for the northern and southern parts of the region (Figure 1).
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Figure 1: Annual maximum temperature anomalies from the 1971-2000 average in the (a) northern and (b) southern part of the region for the years 1951-2008. The linear regression in (b) is statistically significant at p=0.039 (Mann-Kendall test).
What does this show? 

Trends in mean annual maximum temperature (Tx) over the entire series (1951-2008) were statistically significant only in the southern part of the region (Figure 1b). However, over the recent period (1970-present), mean annual Tx rose significantly both in the north (+0.2(C per decade) and in the south (+0.3(C per decade). The largest seasonal increase in Tx during this period was observed in summer (+0.6(C per decade) and autumn (+0.4(C per decade) in the south. No significant changes were observed for winter and spring Tx.

Why is this important? 

Temperature is one of the main indicators of climate change, and its maximum values represent the change in day-time temperature. A rise in Tx can influence biogeophysical processes in natural ecosystems, agricultural systems and forests through its effects on phenology, growth rates and water use. In agriculture, the phenology of crops, and the damage by pests and diseases can be altered, particularly if critical thresholds are crossed. A rise in Tx can increase water loss from agricultural systems, thus further undermining scarce water resources, particularly for irrigated agriculture.
Minimum temperature (summer, autumn)
What is it?  
Daily minimum temperature (Tn) represents the minimum temperature observed at night. Mean daily Tn was calculated for the summer (Jun-Aug) and autumn (Sep-Nov) seasons from the IMS data for the northern (Beit-Jamal) and southern (Lahav) parts of the study region.
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Figure 2: Minimum seasonal temperature anomalies from the 1971-2000 average for the (a) north in summer, (b) south in summer, (c) north in autumn and (d) south in autumn, for the years 1950-2007 (summer) and 1950-2008 (autumn). Linear regression lines in (a), (b) and (d) are statistically significant at p=0.021, p<0.001 and p=0.001 respectively (Mann-Kendall test).
What does this show?  
Mean seasonal Tn increased significantly in the region by 0.4-0.5(C per decade in summer and by 0.3-0.4(C per decade in autumn over the recent period (1970-present) (Figure 2). In the same period, mean annual Tn rose by 0.2-0.3(C per decade in the region (not shown). The increase in annual Tn over the complete series (54-58 years) was only significant for the southern part of the case-study region.

Why is this important?  
A rise in night-time temperature (Tn) during summer and autumn seasons (assuming no change in the amount of precipitation) could lead to an increased scarcity of water for cultivation, irrigation and natural ecosystems. Increased night-time temperatures can reduce soil moisture and limit plant growth (Llorens et al., 2004).

Frequency of very hot days and very hot nights
What is it?
The frequency of very hot days (tx95n) is the number of days exceeding the 95th percentile of maximum temperature (i.e., the threshold value of the 5% of hottest days); the frequency of very hot nights (tn95n) is the number of days exceeding the 95th percentile of minimum temperature. These variables were calculated from the IMS daily temperature series for the northern (Beit-Jamal) and southern (Lahav) stations in the region.
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Figure 3: The annual frequency of very hot days (tx95n) in the (a) northern and (b) southern part, and of very hot nights (tn95n) in the (c) northern and (d) southern part of the region. Linear regression lines in (b) and (d) are statistically significant at p=0.017 and p<0.001 (Mann-Kendall test).
What does this show?  
The frequency of very hot days has increased in both regions (Figure 3a and b), although the trend in the north was only significant for the period 1970-present. The trend in the frequency of very hot nights (Figure 3c and d) was stronger than for tx95n and was significant in the southern part over the entire time series. During the recent period (1970-present), the trend in tn95n was particularly pronounced, showing an increase of six days per decade in both parts of the study region.

Why is this important?  

A rise in the frequency of tx95n and tn95n can cause severe damage to crop yield and quality, especially in the critical stages of the growing cycle, such as grain filling in wheat production (Corbellini et al. 1997). In addition, increased frequency of extreme heat has considerable impacts on ecosystem functioning, energy demand, and hydrological resources. Exceptionally high tx95n and tn95n frequencies as observed in the south in 1998 (Figure 3b and d) might cross critical impact thresholds.
Annual total precipitation

What is it?  

Annual precipitation approximates growing-season precipitation in this region since most rain falls between December and March and no rain falls in the summer. Data were obtained from the IMS for Beit-Jamal station (northern area), Beit-Guvrin (central area) and Lahav (southern area).
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Figure 4: Annual total precipitation anomalies from the 1971-2000 average in the (a) northern, (b) central and (c) southern part of the study region, for the years 1951-2007 (north, centre) and 1953-2007 (south). Mean annual precipitation is 510 mm, 397 mm and 297 mm in the north, centre and south respectively.
What does this show?
No statistically significant trends were observed over the entire series or the reference period (1970-present) for any of the three stations (Figure 4) or for additional meteorological stations throughout the region (not shown). However, a small reduction in rainfall was observed for all three stations over the most recent decade. The inter-annual variation in precipitation was large for all stations; with the maximum annual precipitation six to seven times greater than the minimum precipitation in the series.

Why is this important?
Precipitation affects water availability and is the key climate variable limiting biological activity in drylands, shaping vegetation composition and biodiversity in Mediterranean ecosystems (Kutiel et al. 2000). In the forestry sector, tree growth accelerates in wetter years (Yakir et al. 1996), and ecosystem functioning, including carbon sequestration, is affected by water availability (Grünzweig et al. 2003). In the agricultural sector, the sowing date, length of the growing season and yields of rainfed winter and summer crops are affected by rainfall amounts.
3. Risks of current climate hazards
Annual and seasonal maximum and minimum temperature and the number of hot days and nights have increased in severity and frequency in the Judean Foothills, especially in summer and autumn during the recent four decades (Table 1). The southern drier part of the study region appears to be more sensitive to climate hazards than the northern wetter part. As a consequence of these temperature trends, water availability is likely to decrease through greater evapo-transpiration from plants and soil, even without a change in precipitation amount or distribution. These climate hazards present a particular risk to local agriculture, especially rainfed crops such as wheat, but also irrigated crops which will severely drain already scarce water resources from the region. Periods of anomalous warmth might result in increased pest and disease outbreaks and decreased crop yield and quality, with potentially serious consequences for the rural economy. Additional sectors at risk are forest plantations and natural ecosystems where climate-induced feedbacks might reduce plant growth, carbon sequestration, tree survival, and biodiversity, thus impairing valuable ecosystem services. Finally, the developing regional tourism economy could be impaired by a deterioration of the rural landscape.
Table 1: Change in the climate indicators (hazards) for the Judean Foothills.
	Climate indicator (hazard)
	Change (per decade)
	Region

(or stations)
	Time period
	Likelihood§

	Maximum air temperature 
	Annual increase (0.2 to 0.3°C), 1970-2008. 
Increase in summer (0.6°C) and autumn (0.4°C), southern part, 1970-2008.
	Entire region, but more so in the southern part of the region
	1951-2008
1970-2008
	North: extremely unlikely; 
South: very likely.
North and south: virtually certain.

	Annual precipitation (equivalent to growing season)
	No significant trend
	Entire region
	1951-2007

	Not applicable 

	Minimum air temperature 
	Increase in summer (0.4 to 0.5°C) and autumn (0.3 to 0.4°C), 1970-2008
	Entire region, but more so in the southern part of the region
	1951-2008
1970-2008
	North: likely to extremely likely.
South: virtually certain.
North and south: virtually certain

	Frequency of very hot days (tx95n) and very hot nights (tn95n)
	Increase, particularly over the period 1970-2008; the trend for tn95n (+6 days) was stronger than for tx95n
	Entire region, but more so in the southern part of the region
	1951-2008
1970-2008
	North: about as likely as not (tx95n), very likely (tn95n); 
South: extremely likely to virtually certain.
North and south: extremely likely to virtually certain


§ 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 Judean Foothills case-study is examining vulnerabilities to climate hazards of bio-geophysical systems, such as agricultural land, plantation forestry and natural ecosystems. Major biogeophysical vulnerability indicators are agricultural yields, tree growth in afforested systems, and biodiversity in afforested and natural land. Risks of climate hazards to yields will be exemplified on wheat as a model crop which is expected to be affected by growing season length, water availability and extreme temperature events. Mitigation strategies will be assessed for carbon sequestration in forestry. Vulnerabilities of biogeophysical indicators to climate hazards will be tested using different approaches, including historical records, precipitation gradients and modelling. The risks of climate change to tourism and the rural economy will be explored, and adaptation strategies will be identified and assessed in collaboration with the stakeholder community. 
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