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Biogeophysical and social vulnerability indicators:
Rural case-studies information sheet: Judean foothills, Israel
Summary
· In the southern part of the case-study region, annual precipitation explains >50% of the interannual variation in yield, and thus, is a good predictor of wheat yield.
· Fifty percent of the variation in Aleppo pine stem volume within forests along the precipitation gradient in the Judean Foothills can be explained by mean annual precipitation
· Most types of shrubland vegetation are confined to locations receiving more than 400 mm annual rainfall, with drier areas being limited to dwarf shrubland.
· Organic carbon stocks in the topsoil of natural shrublands are reduced by 36% in the southern compared to the northern part of the case-study area.
· Almost 97.5% of land use in the Judean Foothills is classified as agriculture, planted forests and natural ecosystems.
· The population in the Judean Foothills has increased from 659 in 1948 to 10,020 in 2008, a 14-fold increase over 60 years.
· Tourism is an increasingly important economic factor, with visits to Bet Guvrin-Maresha National Park, the major nature reserve in the region, increasing by 60% between 2003 and 2007.
1. Introduction
Temperature trends and extremes increased in the Judean Foothills in the last 40 years, more so in the southern than in the northern part of the case-study area and mainly in summer and autumn seasons. This has direct consequences for heat loads and indirect effects on water consumption and drought-stress in natural and human-dominated systems. Relevant climate-change impact indicators are grain yield in rain-fed wheat, forest-tree growth, vegetation types in natural ecosystems and carbon sequestration. System vulnerability indicators to climate change in the region include land use, population growth and number of settlements, water production and consumption, and tourist activities.
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Climate effects on natural vegetation in the Judean Foothills. Dense maquis (shrubland) dominated by Quercus calliprinos on more moist north-facing slopes (left), sparse maquis dominated by Phillyrea latifolia and Pistacia lentiscus on drier south-facing slopes (right). Source: José Grünzweig.
2. Impact indicators:
Grain yield in rain-fed wheat
What is it?  
Data on wheat yield were collected from farmers in the northern and the southern regions of the Judean Foothills. Several varieties of wheat are grown in the northern region and sometimes other varieties are grown in the southern region. The data shown are linear regression lines across data points of yield plotted against total annual precipitation (points not shown) for different varieties of wheat. Lines are based on two-seven years data for each variety.
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Figure 1: Wheat grain yield in the northern and southern parts of the study area. The colours of the regression lines represent different varieties of wheat. Lines are based on 2-7 years data for each variety; range in coefficients of determination (R2) includes years with n>2 only.

What does this show?  
We found strong linear trends between yield and rainfall totals for most wheat varieties in the southern part of the study area, but less so in the northern part (Figure 1). Precipitation is not a good predictor of wheat yield in the northern region, since annual rainfall amounts explain <50% of the interannual variation in yield for five out of seven varieties. However, in the southern region, rainfall explains >50% of the interannual variation in yield for all varieties, and, is therefore a good predictor of wheat yield.
Why is it relevant?
Wheat is the main, mostly rain-fed field crop in the Judean Foothills, and covers an area of 140,600 ha in Israel (47% of the total national field crop area; CBS 2009). Grain yield of wheat in Israel is severely negatively affected by drought, particularly during flowering and grain-filling (Amir and Sinclair 1991, Bonfil et al. 1999). Rain falls exclusively during the growing season (mainly November to March) in Israel. Annual totals in the northern and the southern regions of the Judean Foothills average 480 mm and 300 mm, respectively. The discrepancy between northern and southern regions in their sensitivity to precipitation might be explained by regional differences in the range rather than in the mean annual rainfall total. In the northern region, rainfall ranges from 330-640 mm, with the lower end of the range being sufficient for some wheat yields. In the southern region, however, rainfall ranges from 190-440 mm, with the lower end severely restricting wheat yields. 
If precipitation were to decline in the Judean Foothills over the course of the current century, wheat harvests are expected to be lower, particularly in the southern region. This projection is based on the range of rainfall amounts observed in this study (Figure 1), assuming other factors remaining unchanged. Since wheat is the most important winter field crop, significant economic losses could incur, if no adaptation measures are put in place.

Forest tree growth
What is it?  
Stem volume is a measure of forest biomass at the stand level that integrates growth of individual trees and tree density of the stand. It is calculated from tree height and diameter, and is summed for all trees in a stand. We present the average stem volume for Pinus halepensis (Aleppo or Jerusalem Pine) stands for different forest plantations along a rainfall gradient of 280-550 mm. Stands of P. halepensis were selected within the dominant range of tree age and density to standardize for other variables that affect stem volume in addition to rainfall amounts. Data are based on forest inventories conducted by the Jewish National Fund – Keren Hakayemet Leyisrael (JNF-KKL), the forest service of Israel.
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Figure 2: Stem volume of Pinus halepensis trees in planted forests (n=14) along a rainfall gradient. Forests stands were aged 35-45 yr with a density of 250-350 trees/ha. The linear regression is significant at p=0.005. Data source: JNF-KKL, Head Office, P.O. Box 7283, Jerusalem, Israel.

What does this show?  
Fifty percent of the variation in P. halepensis stem volume within forests of the Judean Foothills is accounted for by mean annual precipitation (Figure 2). The remaining variation is likely explained by additional environmental variables, such as temperature, nutrient availability, soil volume, slope and aspect. Another potential source of variation is tree provenance (the origin of the seeds from which it is derived) which is a largely unknown factor.

Why is it relevant?
Forest trees differ in stem volume according to environmental conditions and genotype. Since P. halepensis are not irrigated and no water harvesting systems, such as terraces or limans (small earthen dams) are used, their water supply depends solely on rainfall. P. halepensis forests in the Judean Foothills are part of a diverse landscape which also includes natural maquis and other shrublands, grasslands, crop fields, fruit orchards and vineyards, archaeological sites, and residential areas. The forests are used for recreation by local residents and tourists. Other ecosystem services include biodiversity, attractiveness of the diverse landscape, and to some extent, wood production. Without adaptation, the observed positive relationship between stem volume and rainfall, indicates that a climate change induced reduction in rainfall (within the studied range) would reduce stem volume and tree growth in general, thus significantly impinging on the forest ecosystem services provided.

Vegetation types in natural ecosystems

What is it?  
Four large vegetation and landscape surveys have been conducted in recent years covering natural ecosystems of the Judean Foothills. These surveys were located along the rainfall gradient, and included classes of vegetation types as landscape elements. To enable comparisons, vegetation types were classified according to a new unifying system used by the national Israeli forest service (JNF-KKL). To improve comprehensibility, the presence/absence of generalized categories of those vegetation-type classes is presented as a function of mean annual precipitation for the four surveys.

Table 1: Presence (+) or absence (-) of vegetation types in natural ecosystems with changes in mean annual precipitation. Categories of vegetation types are a generalization of the more detailed vegetation classes developed by the JNF-KKL. Data source: summarised from Nir Herr (personal communication).

	Vegetation type
	Mean annual precipitation (mm)

	
	300
	402
	411
	481

	Annual herbaceous land
	+
	-
	+
	-

	Perennial herbaceous land
	+
	+
	+
	-

	Dwarf shrubland, dwarf shrubland-savanna
	+
	+
	+
	+

	Shrubland
	-
	+
	+
	+

	Open forest, parkland
	-
	+
	+
	+

	Maquis
	-
	-
	+
	+


What does this show?  
The four vegetation surveys include the northern, central and southern part of the Judean Foothills, thus covering almost the entire rainfall gradient across the study area. At the southern end of the region (with around 300 mm annual rainfall), natural ecosystems consist of herbaceous vegetation and dwarf shrubland, while higher woody vegetation is found above about 400 mm annual rainfall (Table 1). Around this rainfall threshold, the natural landscape gets more diversified, and includes herbaceous to open-forest vegetation. One of the two central sites even shows the entire range of vegetation types. In the northern region, the landscape is dominated by all types of woody vegetation, but herbaceous vegetation is not prominent, at least not on undisturbed sites. Vegetation maps show similar patterns (e.g., Stern et al. 2004).

Why is it relevant?
The landscape of the Judean Foothills is characterized by a large diversity of natural vegetation types. However, most types of shrubland vegetation are confined to locations receiving more than 400 mm annual rainfall, although the distribution depends to some extent on soils and bedrock. Thus, a decline in rainfall resulting from future climate change could threaten the viability of taller woody vegetation, which could reduce landscape diversity. Similarly, warming trends (which are already evident during summer and autumn seasons in the region) could increase water demand and the risk of drought/heat stress on plants.

Carbon sequestration

What is it?  
During the process of carbon sequestration, terrestrial ecosystems take up CO2 from the atmosphere and store it as organic carbon in biomass and soil organic matter. Topsoil in two dwarf shrublands was sampled to a depth of 10 cm to determine the organic carbon stock as a function of precipitation. The dwarf shrublands were comparable in all terms (vegetation, parent rock, topographical aspect, temperature) except rainfall amounts. 
[image: image4.emf]
Figure 3: Change in soil organic carbon stocks in the topsoil of dwarf shrublands with reduction in mean annual precipitation (MAP). The top 10 cm of the soil was sampled from 30 replicates under shrubs (green; Sarcopoterium spinosum) and in intershrub patches (brown) dominated by ephemeral herbaceous vegetation. Mean (bars) ± standard error (shown by ‘I’); *** statistically significant differences between dwarf shrublands at p<0.001. In addition to the North-south contrast, the microsite contrast (shrub-intershrub) was also significant at p<0.001 (interaction ns). Data source: Talmon et al. 2011. 
What does this show?  
Dwarf shrubland in the semi-arid southern part of the Judean Foothills stores 34% and 25% less organic carbon under shrubs and in intershrub patches, respectively, than for an equivalent ecosystem in the sub-humid northern part. Since shrub cover decreases by 35% from north to south and since part of the land is covered by rock, total organic carbon stocks are reduced by 36% in the south. Differences in topsoil organic carbon among land use in the Judean Foothills was shown to represent difference in the total soil organic carbon stock (Grünzweig et al. 2007), and thus, is a useful indicator of long-term carbon sequestration by terrestrial ecosystems.

Why is it relevant?
Carbon sequestration converts CO2 from the atmosphere to organic carbon stocks on land. This process has the potential to reduce the CO2 burden of the atmosphere and mitigate global warming. If annual rainfall amounts decline below 540 mm in this region, carbon sequestration in natural ecosystems would likely also decrease. This scenario could result in a lower mitigation potential of natural ecosystems in the Judean Foothills.  

3. System vulnerability
Land use in the Judean Foothills

What is it?  
Land in the Judean Foothills has a wide variety of uses and services that include both natural ecosystems and human- shaped systems (e.g., industry, residential, agriculture and forestry), and comprise both private and public ownership. A land-use classification is used to assess differing land sensitivity and vulnerability to climate change within the region. Data are from the Central Bureau of Statistics, for the year 2002.
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Figure 5: Land use in the Judean Foothills. Data were collected by the Central Bureau of Statistics for the four regional councils covering the Judean Foothills, for the year 2002.

What does this show?  
As a rural case-study, it is unsurprising that almost 97.5% of the Judean Foothills is classified as ‘crop fields’, ‘orchard’, ‘Maquis and forests, and ‘other natural ecosystems’, and only 2.5% of the area is used for industry, residence, roads and buildings (Figure 5). Fifty-five percent of the study area is covered by natural ecosystems and forest plantations, while over 40% is used by agriculture, predominantly arable.

Why is it relevant?
This land use classification can be used to assess the vulnerability for the study area according to the differential response of each component to climate change. With over half of the area covered by natural ecosystems and forestry plantation, a drier climate might have a dramatic direct effect on future landscape and the ecosystems services provided (Figures 2 and 3). In addition, the landscape is under further threat from potential future oil shale mining (Shirav-Schwartz et al. 2010, Ben David 2011). Consequently, this could also indirectly affect other economic activities, such as tourism. With 40% of the land cover agriculture, drought has a major impact on yields of rain-fed crops, particularly in the southern region (Figure 1). Since many crops are irrigated, drought further increases the demand for the already scarce water resources in the region. It is therefore likely that climate change impacts on agriculture will significantly affect the rural economy.

Population growth and number of settlements in the Judean Foothills

What is it?  
Population size and the number of settlements in the study area are indicative of social pressure in the rural environment. Data are available from the Central Bureau of Statistics, for the years 1948-2008.

[image: image8.png]
Figure 6: Population growth in the Judean Foothills over the last 60 years. 
Source: Central Bureau of Statistics (www.cbs.gov.il).

What does this show?  
The population in the Judean Foothills has increased from 659 in 1948 to 10,020 in 2008, a 14-fold increase over 60 years (Figure 6). Population growth is relatively steady for the first 35 years of the census, slows down during the 1980s and early 1990s, but increases dramatically during the last few years. The annual growth rate has increased from about 2.4% in 2004-2005 to 5.7-9.6% in 2006-2008. Within a total area of 615 km2 in the Judean Foothills, population density has risen from 1.1/km2 in 1948 to 16.2/km2 in 2008. The number of settlements in the study area increased dramatically during the first 13 years of the census (from 2 settlements in 1948 to 16 in 1961) and more gradually to 2008 (22 settlements). Settlement size in 2008 varied between 132 and 1112 persons, with an average size of 455 persons.

Why is it relevant?
The large increase in population and number of settlements makes the Judean Foothills vulnerable to climate change through increased use of resources, such as water and energy. This is particularly relevant in view of plans to establish further settlements and additional people within the study area (Protocol No. 499, National Council for Planning and Construction, Ministry of Interior, Jerusalem, Israel, September 2008). 

Water production and consumption in Israel

What is it?  
Water resources are the amount of water made available for consumption. Data are collected by the Central Bureau of Statistics for the whole of Israel, and show the breakdown of resources by source and of consumption by sector. Data cover annual surveys from 1964/65 to 2007 (collected at irregular intervals until the year 2003 and annual thereafter).
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Figure 7: Israel water resources (top) and consumption (bottom). Source: CBS 2009.

What does this show?  
Israel has four main water resources: local wells (tapping several aquifers) comprise about 50%, surface water resources comprise 35% (Lake Tiberias accounts for 15%), and 15% is reclaimed wastewater (Figure 7). The volume of water available from reclaimed wastewater and surface water (other than Lake Tiberias) has increased exponentially in the last two decades. Total water production has increased non-linearly from about 1400 million m3 in 1964/65 to about 2000 million m3 since the year 2000. Water is mainly used for crop irrigation, although the fraction of water used for agriculture has decreased substantially from 80% in 1964/65 to less than 60% in the last decade. An increasing amount of water is used for domestic and public purposes, amounting to about 35% in the previous decade.

Why is it relevant?
Freshwater (surface and groundwater resources) is scarce in Israel, and is currently used to its limits. Therefore, increasing amounts of reclaimed wastewater are being produced, which are used entirely by the agricultural sector. The water system is a particularly important vulnerability indicator, since climate change will increase the water demand for crop irrigation. This is of great relevance, since 60-65% of the area covered by field crops, vegetables and horticultural plantations has been irrigated during the last two decades in Israel (CBS 2009).

Visits to a national park

What is it?  
Bet Guvrin-Maresha National Park (‘Land of the Thousand Caves’) encompasses approximately 500 ha and comprises a large assemblage of historical sites. This area is the richest in Israel in subterranean caves, which include ancient human dug networks of unparalleled complexity, containing quarries, storerooms, industrial facilities, hideouts, olive-oil presses, water pits, columbarium caves and burial caves. Caves also feature reconstructed wall paintings from the Hellenistic period. In the park area there is also a Roman Amphitheatre (www.yoav.org.il, www.parks.org.il). This indicator is the number of foreign and domestic annual visits to Bet Guvrin-Maresha National Park, the main national park in the study area, for the period 2003-2008. 
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Figure 8: Number of visits to Bet Guvrin-Maresha National Park between 2003 and 2008. Source: CBS 2009.

What does this show?  
Visits to Bet Guvrin National Park increased by 60% between 2003 and 2007 (the year receiving the peak number of visits in the series), and 164,000 were recorded in 2008 (Figure 8). Foreign tourism accounts for about one quarter of all visits to the park, and has increased more sharply (+125%) during the period 2003-2008 than domestic tourism (+37%).


Why is it relevant?
Tourism is an increasingly important factor in the economy of the region. Numerous projects were launched in recent years to attract both domestic and foreign tourism. Climate change may impact tourism in several ways. Generally higher temperatures could deter both foreign and domestic tourists from visiting the study area if conditions become too uncomfortable. Similarly, if the numbers of hot days rise there may be fewer tourist visits to local attractions.

4. Thresholds and coping ranges
4.1 Wheat harvest
Wheat is a mainly rain-fed crop that is sown in either November or December each year, depending on the amount and timing of the first significant rainfall. The development of the crop depends on various factors, such as the amount and timing of rainfall, temperature, cultivar, nutrition and issues related to plant protection. Grain yield is partly affected by rainfall amount, particularly in the southern part of the study area (Figure 1). Wheat grain is harvested between the end of May and the beginning of July, depending on the time of grain maturity. However, there is a threshold beyond which wheat is not harvested at all. If grain production during winter and spring is too low compared to the grain price and harvest costs, then the crop will be ploughed back in. For example, wheat has not been harvested in the southern region of the Judean Foothills for the past two years, 2007/08 and 2008/09. Rainfall during those years was 60-70% of mean annual precipitation in the region.

5. Risks of climate hazards to social and biogeophysical systems

5.1 Current climate hazards

Mean annual maximum temperature has increased by 0.2-0.3(C per decade in the region over the past 40 years (1970-present). The rise in maximum temperature is more pronounced in the southern part of the case-study region during summer and autumn (+0.6(C and +0.4(C per decade, respectively). Since 1970, mean annual minimum temperature has risen by 0.2-0.3(C per decade across the region, while the mean summer and autumn minimum temperature has increased by 0.4-0.5(C and 0.3-0.4(C per decade, respectively.

The frequency of very hot days has increased in both parts of the study region, but more so in the southern part. The trend in the frequency of very hot nights is stronger than that of very hot days, and in both regions shows an increase of 6 days per decade since 1970.
5.2 Vulnerability assessment of biogeophysical and social systems

Most of the area in the Judean Foothills (97.5%) comprises natural ecosystems, planted forests and agricultural fields, which are the land-use types most affected by climate. Increasing population density in recent decades has increased the pressure on resources and reduces the amount of water available to agriculture, although it is doubly needed in a warmer climate. Increasingly scarce water for crop irrigation will add to their reliance on rainfall, particularly given the demonstrated rise in minimum and maximum temperature in the region that will enhance drought stress. Higher drought stress can negatively affect the landscape by reducing the flowering period in spring, increasing dry-out of key elements of the natural and planted woody vegetation, and potentially increasing abandonment of agricultural activities. The increase in the number of extremely hot days and nights could harm the developing tourism industry in the Judean Foothills by reducing visits to tourist sites. Tourism can also be affected by changes to the landscape and ecosystems diversity.   

5.3 Case study: drought and tree health
The hydrological year 1998/99 was extremely dry, with only 35-45% of the average 1971-2000 rainfall recorded. In addition, this extreme dry year followed a previous year (1997/98) of below-average rainfall. A survey was conducted within forest plantations in the Judean Foothills, Nov-Dec 1999, i.e. after the end of the dry season in 1999. The survey found up to 16% of tree mortality as a consequence of the severe drought in those forests (JNF-KKL 2002).
Mortality was related to tree species, substrate, topography and management. Aleppo pine died in dense stands, on loess soils and on south-facing slopes, but survived in well-managed stands and on other substrates. For example, tree density in approximately 15-30 year-old stands, averaged 740 trees/ha in Kramim forest and only 510 trees/ha in Lahav forest. These adjacent forests receive a similar amount of precipitation each year. However, higher tree density together with a larger ratio of south-facing slopes (0.74 compared to 0.48) might explain the greater Aleppo pine mortality in Kramim forest relative to Lahav forest. Pinus brutia (Turkish Pine) stands in forests with less than 300 mm mean annual precipitation were greatly damaged by the drought, as were Pinus pinea (Stone or Umbrella Pine) stands on the slopes of these forests. Cupressus sempervirens (Mediterranean Cypress) showed severe drought symptoms in dense, old, mono-specific stands receiving less than 400 mm rain.
Table 1: Summary table of biogeophysical and social vulnerability indicators to current climate

	Key impacts indicator
	Climate hazards indicator 
	Biogeophysical and social vulnerability

indicator
	System thresholds
	Current climate impacts on biogeophysical and social systems

	Annual grain yield in rain-fed wheat
	Total annual rainfall 

Seasonal drought

Mean seasonal maximum and minimum temperature


	Water availability 

Rural economy

Land use 

Population growth
	Wheat is not harvested for grain in the southern region of the Judean Foothills if production is low because of low rainfall (e.g., 60-70% of mean annual precipitation of 300 mm) 
	Grain yield decreases with decreasing annual rainfall 

Water availability has declined over the previous two decades, while competition for water resources has intensified 

	Forest tree growth 
(Pinus halepensis)
	Total annual rainfall 

Mean seasonal maximum and minimum temperature


	Land use 

Recreation
	Tree mortality as a consequence of severe droughts (e.g., 35-45% of mean annual precipitation)
	Fifty percent of the variation in stem volume among forests is explained by mean annual precipitation

	Vegetation types in natural ecosystems
	Total annual rainfall 


	Land use 

Recreation 
	None identified
	A decline in rainfall or warming trends resulting from future climate change could threaten the viability of taller woody vegetation, which could reduce landscape diversity.

	Carbon sequestration
	Total annual rainfall 

Mean seasonal maximum and minimum temperature


	Land use
	None identified
	Carbon storage in natural soils decreases with a decline in mean annual precipitation

	Visits to national parks
	Mean seasonal maximum temperature

Frequency of very hot days 
	Rural economy

Population growth
	None identified
	Warming trends could reduce the current trend of increasing number of visits to national parks



[image: image7]
Figure 9: Indicator linkages for the Judean Foothills. The blue box denotes key climate drivers, the green boxes denote key biogeophysical impacts and vulnerabilities (italics); the orange boxes denote key social impacts and vulnerabilities (italics)
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