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“Do not damage or destroy my world; for if you do, there will be no one to repair it after you” Ecclesiastes Rabbah 7:13  

Lucy Michaels, Blaustein Institutes for Desert Research, Ben Gurion University 
Professor Pinhas Alpert, Porter School for Environmental Studies, Tel Aviv University.
Climate and archaeological records from the last 10,000 years show that there has always been significant climate variability in the East Mediterranean (Issar and Zohar 2004).  As we enter the 21st century, however, Israel’s climate is entering a new period of uncertainty. Over the last 40 years, the unexpected ways in which humans influence the climate have become increasingly evident. This article surveys how researchers have come to understand Israel’s climate, with a focus on the significant science and policy challenge posed by global warming.

While we now have a fairly clear picture of the likely effects of global warming in Israel and the Middle East, successive Israeli governments have been slow to recognise the need to address it: slow to allocate research funding; slow to introduce policies to reduce greenhouse gas (GHG) emissions; and slow to introduce adaptation strategies to protect Israel against the changing climate. While the Ministry of Environmental Protection has been quietly working on this issue since 1989, only in the run-up to the 2009 UN Climate conference in Copenhagen did Israel’s leaders begin to recognise the need for action and the additional health, security and economic benefits of doing so.  Where the Israeli government has faced significant barriers to action, scientists, entrepreneurs, environmental NGOs, municipalities and civil society have been at the forefront of addressing climate change in Israel.
CLIMATE CHANGE SCIENCE IN ISRAEL

Scientific debate about the changing climate in Israel began in the mid 1970s. The initial focus was on how direct human activity, namely irrigation, had changed weather patterns in central-southern Israel (Mandel and Alpert 1986; Otterman et al. 1990; Ben Gai et al. 1993). From the early 1990s onwards, Israeli researchers also began to explore the likely influence of global warming on the Eastern Mediterranean region, with particular concern for how it might affect the water balance.  Since then, Global Climate Models (GCMs) have become more sophisticated, observed data have been analyzed, and there is greater understanding of how the region’s climate is influenced by other local and major climate systems. Israeli climate researchers have also carried out ground- breaking research on the effects of anthropogenic aerosols on urban pollution and rainfall patterns, as well as cloud-seeding (e.g. Alpert et al. 2008; Givati and Rosenfeld 2004, 2005; Levin et al. 2010).
Israel responds to global warming (1989 - 2000)
While the impact of carbon dioxide and other GHGs in the atmosphere has been the source of scientific debate since the mid-nineteenth century, it was concern about an observed warming trend in the late 1970’s that initially widened the scientific and public debate.  By the summer heat waves of 1988 the issue was firmly on the public stage, with the United Nations Inter-Governmental Panel on Climate Change (IPCC) founded that year.

Against this background, in 1989 the newly founded Israeli Ministry of Environmental Quality nominated a National Committee for Research on Climate Change. The Committee was mainly responsible for the organization of an international workshop on “The Regional Implications of Future Climate Change” at the Weizmann Institute of Science in Rehovot in May 1991. The workshop demonstrated Israel’s particular concern about global warming, clearly summarized by Professor Joshua Jortner, president of the Israeli Academy of Sciences and Humanities in his opening address. “As Israel is a very small country on the edge of a desert, the consequences of global change may have much greater effects regionally than those observed globally... especially with respect to the future of water sources in the region” (Graber et al. 1994).
While the climate models presented at the workshop diverged in their predictions as to the regional effects of climate change, all identified an impact on water availability (Druyan and Rind 1994; Kay 1994; Segal et al. 1994). Segal et al. (1994,1997) performed the first runs of regional climate models in the E. Mediterranean to study the potential impacts of doubling CO2 on several rainfall-bearing cyclones. While the results suggested that a doubling of carbon dioxide (CO2) in the atmosphere would result in only a small average change in the amount of winter rainfall, the major changes would come with the distribution of that rainfall (e.g. less rainfall in the south and more in the north). Other interesting findings were the large increase of surface evaporation that would influence significantly the water balance in the region and the disappearance of Jerusalem snow, with large snow reductions over the northern mountains of Israel. These very preliminary results essentially indicated the potential of the desert zone to advance northwards.
The workshop highlighted the need to undertake the basic and comprehensive research necessary to build more effective regional climate models and to understand the local and regional water cycle. Yet despite the alarming predictions and the apparent concern of both government and scientists, the funding for a dedicated research program remained unavailable for nearly another decade. 

In 2000, funding finally became available for extensive research on regional climate impacts through the German government-funded GLOWA-Jordan river project. This ongoing project brings together Israeli, Jordanian, Palestinian and German researchers to “explore the future of the water scarce Jordan river basin under the impact of climate and global change” (GLOWA-Jordan 2009). Since 2005 the Ministry for Environmental Protection has also made research funds available. These funds have massively improved the state of the art in research in Israel, bringing it up somewhat closer to what has been done in the North America and Europe.

Observed changes in the Israeli climate and their implications
According to Israel’s Water Authority, the years 2005 to 2010 represents a severe period of drought, although there have been longer and more severe periods of drought in the last one hundred years (Rom et al. 2009).
 The current dry years concur with global trends showing that the decade ending in 2009 was the warmest on record (NASA 2010). 

Data from meteorological stations around Israel demonstrate that the country has experienced a warming trend from the beginning of the 1970s, with some parts experiencing decreasing rainfall and rising aridity (Bruins and Kafle 2009). While the coastal plain has not been significantly affected, this trend has certainly been observed in the Arava desert. Although their research has not yet extended for a long enough period to show a long-term trend, Ginat and Shlomi (2008) demonstrate that annual rainfall in this hyper arid zone has decreased by 25%-50% in the fifteen years from 1994 to 2009 compared to the period 1960 – 1993. In addition, rainfall events have become less frequent, more localised and of higher intensity, while average summer temperatures have risen. 

Another area where the impact of climate change has been clearly observed is in northern Israel at Lake Kinneret, the country’s major freshwater reservoir. Research shows that there has been a distinct decline in the average winter flow in the upper Jordan River (which flows into the Lake Kinneret) since 1936 (Alpert and Ben-Zvi 2001; Givati et al. 2010, in review).
The first study to analyze extensively surface temperature observations in 40 Israeli weather stations (1964 -1994) was conducted by Ben-Gai et al. (1999). This shows a complex changing pattern, but essentially demonstrates that Israel’s summers have become warmer (although the increase of the minimum summer temperature is more pronounced than the increase in maximum temperature) while the winters have become colder (with the decrease in the maximum temperature in winter greater than the decrease in the minimum). Ziv et al. (2005) demonstrate that the warming trend has expressed itself throughout the Mediterranean Basin through the increase in the number and duration of “hot days” between June and August (1976 – 2002) compared to the previous 27 years. They ascribe this increase in summer temperature to global warming, arguing that it is consistent with global trends. 

In contrast to predicted global trends, however, between 1964 and 1994, Israel also experienced somewhat colder winters (Ben-Gai et al, 1999; Alpert 2004). Further, despite an observed and predicted decrease in total rainfall over the whole Mediterranean and the rest of the Middle East, total rainfall has increased in central-southern Israel (Ben-Gai et al, 1993; Yosef et al. 2009), and the country is experiencing more extreme rainfall events (Alpert et al 2002).  Data from 60 rainfall stations across Israel from the 1930s onwards reveal appreciable changes in temporal and spatial rainfall distribution patterns with the North of the country becoming drier, along with more frequent heavier rainfall years (Ben-Gai et al. 1998). While heavy rainfall contributed approximately 23% of the annual rainfall in the 1950s, by the 2000s it was contributing 33% of annual rainfall (Yosef et al. 2009).
 
Alpert (2004) argues that these seeming temperature and rainfall paradoxes can be explained by the fact that global warming is not only directly affecting Israel’s climate, but also all the major and local circulation patterns that influence it. These patterns include localized phenomena such as Sahara dust, the Red Sea Trough and the Persian Trough; major tropical systems such as the El-Niño Southern Oscillation (ENSO), the South Asian Monsoon and hurricanes; as well as the North Atlantic Oscillation and the East Atlantic/West Russia pattern (Alpert 2006; Saaroni 2010).  As noted earlier, the increase in irrigation in the Negev desert (central-southern Israel) has also affected local rainfall patterns.

Predicted changes in Israel’s climate and their implications
Israel’s average temperatures are expected to rise by 1.5 degrees Celsius by 2020 and by up to 5 degrees Celsius by the end of the century compared to 1960-1990, based on moderate IPCC scenarios for global warming and regional climate modelling (Alpert et al. 2008a).
 Rainfall is also expected to decrease by 10% by 2020 and up to 35% by the end of the century, with extreme weather events becoming longer and more frequent, including drought years, floods and heat waves. Since Israel depends on reliable seasonal rainfall, this clearly poses a threat to its already limited water resources (Jin et al. 2010). 
Israeli agriculture could suffer considerably from changes in rainfall and temperature. While a mild increase in climate could be beneficial in allowing farmers to supply early fresh produce to international markets, a drastic change would be disastrous, with crops threatened by a loss of soil moisture and new pests suited to the warmer climate (Fleischer et al. 2007).
 An increase in heavy rainfall events could also increase topsoil erosion and soil salinity which damage plant health. Israel is already experiencing an increase in farm animal diseases, which originate from mosquitoes and pests. This increase could be caused by a number of factors, including global warming which may be making conditions more conducive to mosquito populations. Besides an increase in pest-borne diseases, heat stress and flood events related to global warming threaten public health. Paz has identified emergence of two pest-borne diseases in Israel, West Nile Virus and Vibrio Vulnificus disease, which she argues can be connected to global warming (Paz et al. 2007; Paz 2009).

As hinted at in initial studies, changes in temperature and rainfall regimes would also significantly affect the transition zone between the Mediterranean and Desert Belt eco-systems that crosses Israel. Under global warming, the desert line is expected to move northwards and Mediterranean flora and fauna, that are less resilient to dryness, are expected to rapidly migrate north increasing the risk of desertification and species loss (Safriel and Pe’er 2000).
Israel is also vulnerable to sea level rises. Klein et al. (2004) present a scenario of a fifty-centimetre rise in sea level by 2050 increasing to one metre by 2100. They claim that this could lead to coastline retreat of 2-10 meters and the loss of 0.4-2 square kilometres of coastal area every 10 years. In addition to the damage to coastal ecology, archaeological sites and tourism, with 60% of Israel’s population, vital infrastructure and a recharge aquifer concentrated along the narrow Mediterranean coastal strip, this would have a serious impact. 

Based on these findings, the Ministry of Environmental Protection estimates that inaction with regards to climate change would carry a high economic price. By 2020, inaction over water scarcity could cost the economy around 450 million shekel a year, while flood damages could cost 340 million shekel a year (Bar-Or and Golan-Angleko 2008). The Israel Electric Corporation (IEC) is also now beginning to build climate scenarios into its long term planning expecting electricity demand for both heating and cooling appliances to grow due to global warming. Not only will this have cost implications but considering Israel’s reliance on fossil fuels, will only contribute to Israel’s growing greenhouse gas emissions.

Predicted changes across the Middle East region and their implications
A super-high-resolution climate model of the whole Middle East region suggests that decreased rainfall and a severely reduced stream flow in the region’s major rivers could contribute to the total disappearance of the area known as the Fertile Crescent by the end of the 21st Century (Kitoh et al. 2008). Rain-fed and flood-based agriculture led to the Fertile Crescent becoming the “Cradle of Civilisation”, and permits subsistence farming there today. Even a moderate rise in the average global temperature of 2.6 degrees Celsius, however, could threaten agriculture and livelihoods in the region. It is ironic that this region will be one of the first to be dried out by human activities in modern times. Jin et al. (2010) extended this study to six major rivers flowing into the Mediterranean, forecasting significant decreases in all, except the Nile.

Friends of the Earth Middle East (Freimuth et al. 2007) makes equally pessimistic predictions, referring to climate change as a “threat multiplier” that would exacerbate water scarcity and tensions over water both within and between nations linked by hydrological resources, geography and shared political boundaries. Scenarios conducted by the United Nations Environment Programme (UNEP) and other organizations indicate that a half-meter rise in sea level could displace nearly 2-4 million Egyptians by 2050. Rising sea levels would also further contaminate the only drinking water source of 1.5 million Palestinians in Gaza. Economic unrest across the region, due to a decline in agricultural production, could lead to greater political unrest, threatening current regimes and internal and cross-border relations (Freimuth et al. 2007).
Brown and Crawford (2009) also seem doubtful about the prospects for Middle East peace in a climate-constrained world. They claim that the history of conflict in the region could prevent the trans-boundary co-operation necessary for adapting to climate change. They also predict that countries might be less inclined to part with territory containing freshwater resources. Israeli-Syrian negotiations have broken down over access to Lake Kinneret and its sources in the Golan Heights, and the Sheba’a Farms area currently annexed by Israel, contains one of the headwaters of the River Jordan. Water is also a final-status issue for Israeli-Palestinian peace. Regional scientific collaborations such as GLOWA Jordan River are, however, making their best efforts to engage policymakers in thinking regionally in future resource use.

Climate change and skepticism in Israel
The scientific evidence that the global climate is warming is now “unequivocal”, based on observations of global average air and ocean temperature increases, the widespread melting of snow and ice and rising sea levels (IPCC 4AR 2007). It is also “very likely” that this warming has been caused by human activities, especially anthropogenic emissions of CO2 (ibid.). There are still, however, some dissenting voices. Leading sceptics in Israel include Hebrew University atmospheric scientist, Nathan Paldor and astrophysicist, Nir Shaviv. Shaviv argues that CO2 may only have a secondary role in driving climate over geologic time-scales. Instead he claims that variations in galactic cosmic ray flux (energetic particles in space) interacting with solar activity have been the major driver of Earth’s climate for the last 545 million years (Shaviv 2005). 

This scepticism has created some controversy and, as a result, the Israeli media regularly presents the “other side” of the climate change story. This media exposure contributes to the public belief that the science is still unclear on the causes of global warming (see Boykoff and Boykoff 2004), and may be the reason why the 20% of the Israeli public who are aware of the issue, believe that climate change primarily has natural rather than anthropogenic causes (Michaels 2011).
 

Kliot et al. (2008) interviewed over 90 Israeli scientists for their opinions about climate change finding only a handful who disagreed with the IPCC consensus. Some argue that climate variability has always been a feature of the Middle East, taking the Genesis story of the seven years of plenty and seven years of drought as a case in point. They argue that observed recent anomalies should not be automatically ascribed to anthropogenic global warming, especially since inter-annual rainfall variability in Israel is considerable and land use changes and complex climate phenomena like the Red Sea Trough can have unexpected influences. Such a view, however, reflects unawareness of the basic fact that recent increases in GHG concentrations in the atmosphere have reached levels unseen in Earth’s history for the last several hundred thousand years.

CLIMATE POLICY IN ISRAEL

Climate Policy in the 1990s: From Rio to the First National Communication

Despite their professed concern, Israel’s leading policymakers displayed an almost complete lack of interest in global warming until the early 2000s. This was underlined by the failure of Prime Minister Shamir to join 117 heads of state attending the 1992 United Nations Conference on Environment and Development (UNCED), known as the “Earth Summit” in Rio de Janeiro. Uri Marinov, the Director General of the Environment Ministry was Israel’s most senior delegate to the Earth Summit. 

Perhaps as a result of its low profile at the Summit, Israel was recognised as a non-Annex 1 or “developing” country to the United Nations Framework Convention on Climate Change (UNFCCC) initiated in Rio. This has meant that Israel’s only obligations to the international community have been to keep a national inventory of GHG emissions and to formulate and implement a national mitigation programme. It is thus not surprising that Israel was quick to ratify the UNFCCC in 1996 and to become a signatory to the Kyoto Protocol in December 1998, ratifying it in February 2004. Israel did establish an Inter-ministerial Committee on Climate Change in 1996, but this did not report until 2000.

In November 2000, Israel submitted its First National Communication on Climate Change to the UNFCCC. In the ten years from 1990, Israel’s population had grown 29.4% and it had achieved one of the highest GDP growth rates in the developed world (6%). As a result, Israel’s GHG emissions skyrocketed in the early 1990s. The First National Communication demonstrates that Israel’s CO2 emissions, almost predominantly from fossil fuel combustion for vehicle and energy use, constituted by far the largest source of its GHGs. Methane and nitrous oxides, mostly from agriculture, waste production and industrial processes were responsible for the rest, which accounted for 17% of Israel’s total GHG emissions (measured in kilotons of CO2-equivalent or CO2eq).

Based on 1998 research by the Samuel Neaman Institute, the document lists a number of policy recommendations by which Israel could reduce these emissions. These include switching from coal to natural gas;
 improving energy efficiency; promoting renewable energy; reducing industrial emissions; promoting green building and appliance efficiency; improving vehicle efficiency and public transport; addressing private vehicle use through urban planning measures; and promoting composting and improving animal feed to reduce methane emissions. The report also highlights the urgency of addressing water scarcity through both conservation and generating new sources, and effective land management to prevent desertification.

The report is optimistic that significant measures can be taken without requiring major structural changes to the economy, while also delivering additional benefits such as reducing air pollution and traffic congestion. The report is also a rallying cry for the leading role that Israel could play in global adaptation efforts. 

It would not be true to say that Israel has done nothing to fulfil this potential; the figures, however, speak for themselves. In 1996, Israel emitted 62.7 million tonnes of CO2eq while by 2007 this had risen to 76.7 million tonnes (CBS figures), with GHG emissions rising significantly in the energy, agricultural and transportation sectors (see Figure 1). The global management consultancy firm, McKinsey (2009) predicts that emissions will only increase; under its “business as usual” (BAU) scenario, Israel will double its carbon dioxide emissions by 2030 (see Figure 2). This is predominantly due to rising population and affluence, and a range of existing policies described below. While emissions are actually falling in major developed countries, Israel’s pattern of emissions growth closely resembles those observed in “Recently Developed Countries” such as Spain or Greece (Yanai 2009). 
Insert Figure 1: Emissions of Direct Greenhouse Gases in Israel (tons). Source Israel Bureau of Statistics

Insert Figure 2: “Business as Usual” GHG emissions growth 2005 – 2030. Source: McKinsey and Co.

Climate Policy Research since 2000
Since the First National Communication, Israeli academics, think tanks and NGOs have proposed numerous policy options to reduce Israel’s GHG emissions. Avnimelech et al. (2003), the Israel Union for Environmental Defence (IUED) and the NGO coalition, Life and Environment (2009) all come to similar conclusions that reinforce those highlighted in the First National Communication; that by implementing existing technologies across a wide range of sectors as part of a national strategy, Israel could reduce its emissions by as much as 43% (IUED 2007).  Others have explored how carbon taxation and emissions trading could be effective in Israel (Tirapolsky et al. 2008; Dagan 2008).

Despite over ten years of discussion, the first policy recommendations by the Environment Ministry to the Israeli Government came in January 2009, when it circulated an economic analysis of potential policy options (Hefetz et al. 2009). This research identified that Israel could with relative ease reduce its emissions by 31.7 MtCO2eq a year.  With a new Environment Minister, Gilad Erdan, taking the office in March 2009, a further cost-benefit analysis was commissioned, this time from the global management consultancy firm, McKinsey and Company.  In their report, published in November 2009, McKinsey employ their widely used greenhouse gas abatement cost curve to model for Israel the abatement potential of various different measures or levers to reduce greenhouse gas emissions, and the relative cost or benefit to the economy (Figure 3). 
Insert Figure 3: McKinsey GHG Abatement Cost Curve. Source McKinsey and Co.
McKinsey suggests an abatement potential of 45 MtCO2eq a year once through switching to low carbon energy sources and improving energy efficiency (sound familiar?).  Behavioural changes such as reducing use of lighting, increasing public transport and bicycle use, increasing average building temperatures and reducing meat consumption, could achieve a further reduction of 7 MtCO2eq. McKinsey argues that the total net cost to the economy of implementing these measures would be approximately zero by 2030. Although some measures would require significant up-front investment, almost all the measures would save money in the long term. McKinsey notes that Israel has less emissions reduction potential than some countries since it lacks a heavy industry, and has little possibility for hydroelectric power or carbon capture and storage.

McKinsey’s emissions reduction target for Israel is based on a different formula to those proposed by most countries where targets either aim to reduce emissions below a given baseline year (EU and US approach) or to reduce the carbon intensity per unit of GDP (Indian and Chinese approach). Israel’s target is based on the prediction that under its “BAU” scenario, its emissions would double by 2030. By taking the measures proposed, McKinsey argues that instead of doubling, Israel will only increase its emissions by a third by 2030 i.e. the target is to reduce emissions by 64% below its BAU levels by 2030.

While characterising it as a step in the right direction, environmental NGOs have criticised the McKinsey process as being too rushed. They are critical of the un-ambitious targets, which essentially permit an increase in GHG emissions and the lack of attention to additional behavioural changes, which could yield far greater reductions.

Government Policy on Climate Change since 2001

The Israeli government has made a number of important decisions regarding climate change. These include a 2001 commitment to voluntarily reduce emissions of GHGs (Decision 2913); a 2002 commitment to significantly expand renewable energy to two percent of total electricity production by 2007 (Decision 2664); a 2003 commitment to a national strategy for sustainable development (Decision 246) and ratification of the Kyoto Protocol by government resolution in 2004. In December 2009, a climate bill was also proposed to introduce ambitious GHG emissions reductions targets, although it failed to reach a preliminary reading in the Knesset. 

Israel and the Clean Development Mechanism

The 2001 commitment to voluntarily reduce GHG emissions also established Israel as a participant in the Clean Development Mechanism (CDM). The CDM is an arrangement under the Kyoto Protocol by which developed countries with emissions reduction targets can invest in projects that reduce emissions in developing countries instead of having to undertake more expensive reductions in their own countries.
 

As a de-facto “developing” country under the Kyoto Protocol, Israel can receive CDM financing for its emissions reductions and it plays this paradox to its advantage. The Ministry of Environmental Protection advertises Israel as “an excellent venue in which to develop CDM projects because although categorized as a developing country under the Kyoto Protocol, it has all the characteristics of a developed country.”

Israel CDM projects, financed by the UK and Germany, include methane collection from landfills and agriculture; introducing technology to reduce industrial emissions; and promoting efficiency and fuel switching in industrial sectors. Israel claims that its sixteen UN registered CDM projects have reduced national emissions by an estimated 1.8 MtCO2eq a year, while the 46 additional projects submitted for approval would reduce over 6MtCO2eq (Inbar 2008). 

While the CDM may have materially reduced Israel’s GHGs by 1.2% a year, it is still a highly problematic framework, widely criticised by environmental and climate justice groups for failing to deliver promised reductions globally and delaying necessary structural changes in developed countries and being open to corruption (Bachram 2004).

Israel and Sustainable Development

Israel’s 2003 decision to pursue a national strategy based on sustainable development was the result of a commitment made at the 2002 World Summit on Sustainable Development in Johannesburg.  In order to monitor whether Israel could live up to this commitment, especially on climate change, the “Paths to Sustainability” coalition was established by the Israeli environmental NGO community.  The coalition now has over forty member organisations; it co-ordinates NGO lobbying efforts as well as producing yearly reports on Israel’s progress to sustainable development.

In its 2008 report, the Paths to Sustainability coalition criticised the government’s failure to implement a strategic master plan for sustainable development across ministries or to give adequate budgetary expression to relevant decisions. Even modest objectives, such as a two percent target for renewable energy, were not met.  The report argued that the government was also making contradictory decisions such as investing both in public transport and road construction.

Yet the policy decision that has been identified as a “litmus test” indicating whether Israel is truly committed to sustainable development, will be whether the government gives the go-ahead for two additional coal-fired units at the Rotenberg D power plant in Ashkelon. The National Infrastructures Committee approved the project in June 2008, but the issue is by no means resolved, with Minister of Environmental Protection, Gilad Erdan, an Ashkelon native, offering vociferous opposition within the government.
The Saga of the Ashkelon Coal-fired Power plant 
In August 2001, plans were announced for the construction of a $1.3bn additional coal-fired power station in Ashkelon, to be completed by 2007-2008.
 The plans met with immediate opposition from local residents and environmental groups with the IUED obtaining an interim injunction from Israel’s Supreme Court blocking construction of the plant until the government justified its position. 

A revised plan for the power plant was sent for review to the National Infrastructures Committee (NIC)--a controversial fast-track procedure for major infrastructure projects that bypasses established environmental and public overview safeguards. In November 2004, the Infrastructure Ministry blamed "interventions by environmental organizations" for delaying the plan.

In 2008, after a one-day public hearing and a heavily criticised Environmental Impact Assessment, the NIC approved the plan. Again environmental groups petitioned the High Court of Justice for a full review of the environmental and health risks, as well as requesting full transparency as to why the NIC had given the go-ahead despite concerted opposition. By August 2009, the NIC received over 20,000 planning objections in response to a deposition of detailed construction plans. 

The Israel Electric Corporation (IEC) has argued that the additional power plant is necessary to address the national rise in electricity consumption--the company is operating at maximum capacity and facing a constant rise in demand, with a very narrow reserve and a high risk of blackouts. It also argues that relying on coal is vital for energy security--there are many more potential coal suppliers than gas suppliers from countries that are friendly to Israel, and suppliers can be easily switched. In addition, the IEC argues that it can reduce air pollution from its existing coal-fired plants; but to install the new equipment will require that each plant is shut down for six months, making the extra capacity from the new Ashkelon plant essential.

Underlying this debate is the ongoing tension between the IEC, Israel’s sole public electric utility, and Prime Minister Netanyahu who has signalled that he would like to see the IEC privatised and the whole sector liberalised (Ha’aretz 26/04/09). The IEC currently faces serious financial difficulties partially due to artificially low electricity prices set by the Public Utilities Authority, the supervising government body. However, the IEC is actively resisting privatisation, partly to maintain its monopoly over energy production. It is Israel’s largest single employer with over 12,000 employees, a powerful union and wages 2.2 times that of Israel’s average (Tishler et al. 2008). Detailed economic analysis also suggests that Israel’s privatisation plan could be disastrous, resulting in higher prices for consumers and making the production of electricity from gas economically unviable (Tishler et al. 2008).
Israel’s Climate Change Successes
Despite setbacks and controversies, improved solid waste disposal and CDM projects have modestly slowed the increase in Israel’s GHG emissions during the 2000s. Israel has also begun to switch its generating capacity to natural gas through a 2004 agreement to buy Egyptian gas. The gas agreement with Egypt has faced considerable political, security, engineering and supply-side challenges, finally coming on-line in May 2008 (Ha’aretz 3/9/08). In 2009, however, substantial natural gas reserves were discovered in Israeli territorial waters, and it is now anticipated that by 2013, more than 60% of installed production capacity will come predominantly from this locally sourced gas. After years of parliamentary debate in 2008, Israel’s Knesset passed a Clean Air Law that may also prove useful for regulating GHG emissions when it comes into force in 2011.
Late 2008 saw a flurry of potentially ambitious policies relating to energy use, including a commitment to reduce electricity consumption by 20% by 2020 (Decision 4095) and for ten percent of energy to come from renewable sources by 2020 (Decision 4450). Expansion in the solar energy sector will be facilitated by government approval for the promotion of renewable energy in the Negev and Arava regions, reasonable feed-in tariffs for producers and special inter-ministerial committee focused on the development of solar energy in Israel, established in December 2009 and headed by the Prime Minister.

The Environment Ministry has also supported research into the impacts of climate change and adaptation strategies. Research was commissioned in 2005 and 2008, which included investigation into likely climate scenarios for 2030. In late 2008, interim adaptation measures were proposed, although by mid-2010 a national plan was still forthcoming (Bar-Or and Golan-Angelko 2008). 
Over the years, Israel has invested significantly in research and development to overcome the country’s lack of natural resources and arid climate. Israeli scientists have developed cutting-edge technologies in fields such as drip irrigation and wastewater reuse, desert agriculture and afforestation, desalination and solar energy, as well as innovative strategies to address desertification. There is growing recognition that these technologies could be useful both for “technology transfer” to developing countries and for export to European countries projected to suffer from increased aridity. 

The Copenhagen Climate Summit, 2009

Although the 2009 Copenhagen Climate Summit failed to establish a new binding global agreement on GHG reductions targets, it nevertheless put the issue on the Israeli national agenda. The appointment of Gilad Erdan, an enthusiastic advocate for climate change mitigation policy, as Environment Minister, has focused attention on the issue, as has Israel’s recent membership of the Organisation for Economic Co-operation and Development (OECD), which will commit Israel to reduce GHG emissions in line with other developed countries.

While Environment Ministry Director General, Yossi Inbar claimed that setting ambitious reductions targets was “effectively saying we must close the country down”, efforts were made to prepare the country for Copenhagen (Ha’aretz 28/12/09). In May 2009, several government committees were established to formulate a national climate change policy, including one that will report Israel’s Greenhouse Gas reduction plans to the UNFCCC, headed by the Finance Ministry. This inspires hope that climate change will be addressed more seriously than in the past, since the Ministry for Environmental Protection is one of the weakest and least funded of all government ministries. In December 2009, a “Green Regulation Package” was introduced to the Knesset, and the summit may well have also tipped the scales against the new Ashkelon plant.

In the run up to Copenhagen, Israel’s leaders finally began to acknowledge the need to address climate change, also recognising the potential trade and PR opportunities in promoting Israel’s adaptation and mitigation technologies. At a UN Climate meeting in September 2009, Erdan argued that Israel should be recognised as a developed country and take responsibility for its emissions. He also said that Israel was prepared to serve as a regional laboratory and centre of excellence for climate change adaptation and renewable energy (Environment Ministry website 09/24/2009). A month later, Prime Minister Netanyahu stated that in ten years Israel aimed to develop “a practical, clean, efficient substitute for oil” (Prime Minister’s Office website 20/10/09). At the Summit itself, President Shimon Peres announced that by 2020, Israel would make its “best efforts” to reduce its CO2 emissions by 20% compared to its “business as usual” scenario and openly voiced his opposition to the Ashkelon plant (Environment Ministry website 12/23/09; 03/02/10). 

Despite these positive developments, just before the Summit, the State Comptroller criticised the government for not having implemented even the basic actions necessary for dealing with climate change (Ha’aretz 06/12/09). Israel has still not formulated a national mitigation plan nor collected sufficient data to inspect and supervise its emissions. It is also poorly equipped to monitor long-term climate changes. This raises the question: do the measures highlighted above represent a real sea-change in the Israeli government’s response to climate change, or will the issue simply fall off the agenda after Copenhagen.
Cleantech in Israel

While the Israeli government is only just waking up to the economic opportunities offered by climate change, Israeli businesses, especially those operating in Europe where they are already subject to climate legislation, have already begun to take advantage of them.  Israel is home to world-class renewable energy innovators such as Ormat Technologies Inc., Solel, Zenith Energies and BrightSource Inc. In recent years, Israel has also started to showcase cutting-edge renewable technologies ranging from the electric car to concentrated photovoltaic (CPV) technology. Israel was been ranked in the top five of Cleantech countries behind Denmark, Germany, Sweden and the UK in 2009 by a leading analyst (Lesser 2009), with five Israeli companies listed in the top 100 Cleantech companies, based on a poll of corporate leaders (The Guardian 2010).

Major corporations have taken note. In late 2009, German engineering conglomerate Siemens bought Solel and a 40% share in the Arava Power Company (Ha’aretz 18/10/09). Meanwhile, the Israel Corporation, the country’s largest multinational company, has established its own renewable energy subsidiary. Oil company Paz established Paz Solar to market and install photovoltaic technology. Attractive feed-in tariffs have also attracted multinationals such as SunEdison.
A 2009 Israel-US agreement to promote co-operation on renewable energy has generated international hype around Israel as a unique innovation hub for cleantech, with conferences taking place in Israel, Texas and California, and leading US venture capitalists visiting Israel (MFA website 26/2/2009). Israeli venture capital firms, green consultancies and carbon trading firms now support the burgeoning industry.

While Israeli renewable energy companies run commercial projects worldwide this is not yet the case in Israel. In December 2009, the UNEP criticised Israel for sitting at the bottom of the list of countries producing solar electricity for national consumption, with only 0.1% coming from renewable sources (Ha’aretz 09/12/09). The CEO of Solel, Avi Brenmiller, recently argued that Israel was a decade behind Germany and Spain in instituting public policy to support renewable energy (Ha’aretz 23/05/08). While four sites in Israel have been designated for solar energy plants, by mid-2010 construction had yet to begin, draft policy had only been recently completed and already the new plants faced administrative difficulties (Ha’aretz 09/12/09). Business leaders are also concerned that the government “cap” on the total amount of megawatts that can be produced by solar energy production, currently set at a total of 300 MW for medium sized-fields, will seriously limit market growth (The Jerusalem Post 25/06/2010). 

Some commentators have identified a lack of available land as the primary reason for Israel not developing solar energy fields, as most suitable sites are under military control. Others argue that land owned by kibbutzim, moshavim and even by Bedouin families would permit Israel to produce more than enough solar energy (The Jerusalem Post 25/06/2010).
 Furthermore, some more visionary commentators have heralded the potential for regional solar energy production, which could also contribute to Israel’s energy security through interdependence rather than dependence on Arab neighbours. Such collaboration could provide the basis for improved political relations and be facilitated through the Desertec supergrid, which plans to supply solar and wind energy from North Africa and the Middle East to Europe (Levy 2010).

Water and Climate Change

Israel’s Water Authority has dramatically changed its perception of climate change since the mid-1990s. Global warming is considered to be a major factor in the reduction of water in the Kinneret drainage basin and is now taken into account in strategic water planning (Bar-Or and Golan-Angelko 2008). Israel’s response to the current drought has been to massively scale up its water desalination efforts and by 2012 desalination will constitute a serious climate adaptation strategy for Israel, providing for nearly half of all household water consumption.

The irony of Israel’s considerable breakthrough in desalination technology is that this “adaptation” method employed to address water shortages caused by climate change, is actually contributing to the problem. Despite using cutting-edge energy-recovery systems for reverse osmosis, desalination is extremely energy intensive. The Ashkelon Desalination Plant consumes around 55 MW of energy a year, which is equivalent to the energy needs of a city of 45,000 residents (Ha’aretz 26/05/09). 

Civil society: NGOs, Sub-national efforts and the General Public
As a relatively young movement, Israeli environmental NGOs have generally focused more on local issues, such as air and water pollution, than on global issues such as climate change. As a result, until recently climate change has not emerged as a priority campaign for green organizations, other than as an additional concern raised for instance, in the controversy around the Ashkelon power station. 

Israel has participated in global climate change awareness-raising events such as the global Live Earth concert in 2007 and the yearly Earth Hour event, a one-hour voluntary lighting “black-out” by residents of major cities.  In the run up to Copenhagen, the 350.org day of co-ordinated global action saw wide Israeli participation with nine events listed including a rollerblade tour and a joint demonstration on the Israeli, Palestinian and Jordanian shores of the Dead Sea.
 The Jewish National Fund (JNF) now also promotes its long-term afforestation efforts as carbon offsetting, although primarily to a Diaspora audience. The lack of concerted public campaigning and media coverage of the issue until the Copenhagen conference, however, is reflected in the fact that around 28% of Israelis are either unaware of climate change or have only heard the expression (The Jerusalem Post 25/11/09). According to the Gallup World Poll, this places Israel alongside Eastern and Southern European countries, rather than the USA and Western Europe in terms of climate change awareness (Pugliese and Ray 2009).
Campaigning on climate issues in Israel is marked primarily by good collaboration between NGOs and a focus on influencing government policy. The Paths to Sustainability coalition has written a number of in-depth critical reports and co-ordinates lobbying efforts at the Knesset.
 The IUED drafted the climate bill (see earlier), and representatives of both the Herschel Center and IUED sit on the Inter-ministerial Committee on Sustainable Development. Friends of the Earth Middle East has written a handbook on climate change for policymakers and organised workshops for government and the media. 
A delegation of over thirty Israeli NGO representatives attended the Copenhagen Summit, including from Israel’s Arab community. The delegation actively participated in events, including organising two well-received workshops on sustainable cities and the Ashkelon campaign.  This participation provided a big boost in confidence for the Israeli environmental movement, connecting what had until then been local struggles to the wider global movement. An additional boost came at the end of 2009, with public funds made available for the first awareness raising campaign on climate change in Israel. 

As has been observed worldwide, where national governments have failed to implement effective climate legislation, sub-national groups, such as municipalities have led the way (Bulkeley and Betsill 2007). Israel’s Forum 15 network of fifteen financially independent municipalities plus Jerusalem, Ashkelon and Bat Yam are members of the International Council for Local Environmental Initiatives (ICLEI) and in February 2008 they signed up to a Convention on Climate Protection. This requires local municipalities to identify the major GHG sources in their cities, and to develop local action plans to reduce emissions by at least 20% by 2020 from 2000 levels, with the support of environmental organisations and universities. While some municipalities, especially Ra’anana, have begun to implement measures to reduce emissions, what measures these municipalities can ultimately take are limited by both budget and the centralised nature of energy and transport planning in Israel (Bass Specktor et al. 2009).
Public engagement and why it is important

A significant portion of Israel’s GHG emissions derives from everyday behaviors and lifestyle choices. For example, energy use in commercial, residential and public buildings accounts for 61% of Israel’s total electric power demand. Of this, lighting, heating, electrical appliances and air-conditioner use account for at least 75% of energy consumption (2005 figures cited by McKinsey 2009). Due to Israel’s reliance on fossil fuels, this translates directly into carbon dioxide emissions. In addition, transportation accounts for 18% of all greenhouse gas emissions (2005 figures cited by McKinsey 2009). Methane from landfills and N2O from industry and agriculture also contribute significant amounts of GHGs. Despite its comparatively tiny (0.3%) contribution to global GHG emissions, Israel’s per capita emissions are relatively high. In 2006 Israel’s per capita emissions were 9.15 tonnes of CO2 - higher than the UK, Italy and France (See Figure 5).
Insert Figure 5: CO2 per capita emissions in major countries and in Israel in 2006 (tons)

These figures indicate that addressing industrial emissions and improving technology will not be sufficient to reduce Israel’s carbon footprint. Israeli lifestyles and behaviours, from transport patterns to waste disposal and energy usage at home, must also be tackled. Therefore, future work on climate change must engage the Israeli public.

A public opinion survey conducted by Ben Gurion University in November 2009 revealed some perhaps surprising results concerning Israelis priorities and concerns around global warming. Of the Israelis who are aware of climate change, almost all (96%) want to see the international community taking action on climate change, with 73% wanting to see substantial action soon. 74% also want Israel to sign up to serious long-term emissions reduction targets with 54% endorsing this position very strongly (Michaels 2011).
 One could hardly imagine a more encouraging environment to introduce ambitious climate policy.
The survey results suggest that concern about climate change is connected to a wider concern about the drought and water shortages that Israel is currently facing. Climate change is thus perceived as something real, immediate and threatening. Translating this concern into action, however, is the challenge now facing policymakers and environmentalists.
Conclusion 
Climatologists are in no doubt that global warming is already altering Israel’s climate and that in the coming years the changing climate could bring with it potentially devastating impacts. Yet a powerful combination of circumstances and institutional culture has kept global warming off the public and policy agenda in Israel for the past twenty years. It is perhaps understandable that Israel’s leaders have chosen to focus on security issues that appear more immediate and pressing, yet it is also clear that global warming has been de-prioritised as an “environmental issue” rather than one pertaining to the long-term future of the country. 

As a result Israel is poorly equipped to confront climate change. In terms of mitigation, Israel’s high and ever-growing carbon footprint results from a fossil fuel-based economy, inadequate investment in public transportation, escalating traffic congestion, weak or non-existent building standards (especially on energy conservation), increasing reliance on high-energy consuming desalination projects, and high rates of economic and population growth.  Israel’s leaders have also failed to recognise the additional economic, public health and energy security benefits of addressing climate change. In terms of adaptation, while the Environment Ministry is pushing forward with research and a National Plan there has been little preparation on the ground.

Reviewing the history of anthropogenic climate change in Israel should be a call to action to all those who care about this land and its long-term future. The social and economic transformations required to address climate change may seem overwhelming, but in the end, they are the only means to secure Israel’s future. The sooner the country embarks on a sustainable path, the easier that transition will be.
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� This article uses the following terms in their scientific definitions: Global warming: the increase in the Earth’s average surface temperature due to an increase in anthropogenic greenhouse gases in the atmosphere and its consequences; Climate change: a long-term change in the Earth’s climate, or of a region on Earth, including very localised changes. In the policy discussion, the terms climate change and global warming are used interchangeably.


� The authors ask readers to bear in mind that while the science section is primarily based on peer-reviewed journal articles, the policy section relies on a range of sources including statements by politicians that should be handled with more caution than data presented from a peer-reviewed journal article.


�  The IPCC was founded to synthesize the state-of the art of climate research on “a comprehensive, objective, open and transparent basis” for policy-makers (IPCC Fourth Assessment Report 2007)





� This funding includes some of the work of Pinhas Alpert, one of the authors of this article. He founded GLOWA-JR in Israel along with M. Shechter, Haifa University and J. Ben-Asher, Ben Gurion University.


� Pers. Comm. With Dr Amir Givati, Israel Water Authority 2/8/10. 


� Such tendencies are even stronger over other Mediterranean regions (Italy, Spain). See Alpert et al. (2002).


� The IPCC (4AR) identifies four scenarios (based on different approaches to climate regulation and economic growth) for projected global warming until 2100. These would result in moderate to extreme temperature rises. 


� See Glowa-JR briefing 10 “Economic analysis of global- and climate change impacts on agriculture in Israel.”


� Cited in The Jerusalem Post 25/11/09


� This period is probably the first in the history of Earth’s climate in which the air concentrations of GHGs and consequent global warming caused by anthropogenic activities have yielded the term "anthropocene". This term was proposed by the Nobel Prize laureate, Paul Crutzen. (Crutzen and Stoemer 2000; Zalasiewicz et al. 2008).


� CO2 equivalents (CO2eq) is a quantity that describes for a given mixture and amount of greenhouse gas, the amount of CO2 that would have the same global warming potential (GWP), when measured over a specific timescale (generally 100 years). It allows comparison of the relative contribution of different greenhouse gases.


� Natural gas, while still a fossil fuel, produces considerably less carbon dioxide on combustion, than coal or oil.


� These were some of the conclusions of wide-ranging discussions at the Climate Change Mitigation Policy Workshop held at Ben-Gurion University, May 25th 2010 in response to the McKinsey report. Contributors included NGO participants, academics, business representatives and ministry officials. 


� See Clean Development Mechanism �HYPERLINK "http://cdm.unfccc.int/about/index.html"�http://cdm.unfccc.int/about/index.html� last accessed 3/1/09


� See IUED website for a detailed overview and timeline of the Ashkelon Power Plant �HYPERLINK "http://www.adamteva.org.il/?CategoryID=392&ArticleID=473"�http://www.adamteva.org.il/?CategoryID=392&ArticleID=473� 


� For detailed overview of IEC position regarding Ashkelon power plant, see Knesset Internal Affairs and Environment committee meeting protocol 391, 29/06/08


� The Inter-Ministerial Committee had, however, still not met by the end of July 2010. Pers. Comm. July 25th 2010 Yosef Abramovitz, President Arava Power Company.


� Pers. Comm. July 25th 2010 Yosef Abramovitz, President Arava Power Company.





� For more information see http://www.350.org


� Paths to Sustainability Coalition activities �HYPERLINK "http://www.sviva.net/develop/eng/Info.php?docId=new_activities_sustainable"�http://www.sviva.net/develop/eng/Info.php?docId=new_activities_sustainable�; IUED activities on Climate Change �HYPERLINK "http://www.adamteva.org.il/?CategoryID=436"�http://www.adamteva.org.il/?CategoryID=436� 


� cited in The Jerusalem Post 25/11/09
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