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ABSTRACT
Despite that the climate change (CC) has already been exposed by many countries in the world, however, Indonesia has only been acquainted with the short term observation only to some research institutes, universities and other related agencies. Till today there are still many parties that are yet pay attention to the occurrence of CC, even many community members who are still considered the CC as a garbage story that could not possibly taken place and affecting the livelihood and environment.

In most cases, for those who aware of the CC in Indonesia, it is only concerning with rapid deforestation, forest fires, degraded peatlands, and diminishing carbon ‘sinks’ – as also believed by many scientists as a major contributor to global warming (GW). This postulation is not wrong at all, but it is only about part of the CC circumstances. In facts, Indonesian as the archipelago country will also be the major victims of the CC. Therefore, if we do not immediately get used to this newly CC’s induced environment we would suffer from the immediate consequences. For instance, the increasing uncertainty of water has been suspected by many researchers and practitioners as due to the impacts of Global Changes (GC), which was initially trigged by the continuous effect of CC.
In an attempt to give thoughts to the nature of CC and water related problems as well as the subsequent “mitigation” or “adaptation” strategies of the GC to the continuous effects, in general, and to water related problems, one should initially know about the nature of GC in connection with climate system and their implications, as well as the subsequent alternative measures to resolve the underlying constraints and problems.

This paper discusses the nature of GC and it’s associated, human caused GC, CC’s implications, theoretical and empirical perspectives, as well as evidences of their adverse impacts and the way forward to “mitigate” or “adapt” the related impacts. Some alternative measures in terms of “mitigation” and “adaptation” strategies are outlined in this paper giving some perspective on immediate targets for actions. It is evident from the concluding remarks that the CC with its relationship to the adverse impacts in Indonesia are far more complicated than one’s ever had in mind before. So, we mutually have to do things right now, to deal with the GCs and the CC’s related circumstance for saving our environment in particular and other global consequences in general.  
Keywords: Climate Change, Water Related Problems, Indonesia
I. INTRODUCTION

General Perception of Climate Change in Indonesia: During the last few decades, the CC has not been a major concern of Indonesian community in general, except some research institutes, universities and other related agencies and scientists – with some short term observation only – that are only been acquainted with some basic related principles. As a matter of fact, those who aware of the CC in Indonesia, is only concerning with rapid deforestation, forest fires, degraded peatlands, and diminishing carbon ‘sinks’ – which are also believed by many scientists – as the major contributor to global warming (GW). This postulation is not wrong at all, but it is only about part of the CC circumstances. In facts, Indonesia as the archipelago country will also be the major victims of the CC. Therefore, if we do not immediately become used to this newly CC’s induced environment we would suffer from the immediate consequences. For instance, the increasing uncertainty of water has been suspected by many practitioners and researchers as the impacts of Global Changes (GC), which was initially trigged by the continuous effects of CCs.
The CC story in Indonesia usually concerns only with deforestation and the rising contribution to greenhouse gases (GHG). We rarely come across the scrutiny on other aspects of the CCs such as droughts, floods, earthquakes, and recently tsunami – but most recently as a result of global CC we will not be able to avoid the more severe implications.
Theoretical Perspective: Today, we all know that the GC is pervasive and occurring at a dramatic rate. It involves changes in land use, vegetation cover, species translocation and even the climate of the planet. The climate system is driven by solar radiation, atmospheric composition, and interactions with ocean and land processes (CCSIRO, 1996). The energy is then absorbed by the Earth’s surface, used in processes for photosynthesis, or emitted back to space as infrared radiation. However, some is absorbed by greenhouse gases (GHGs) molecules, then, re-emitted in all directions – to warm the Earth’s surface and lower atmosphere.The GHG in the atmosphere is a natural component of the climate system and helps to maintain the Earth as a habitable planet. 
In principle, however, when ecosystems are altered and vegetation is either burned – such as forest fire – or removed, the carbon stored in them is released to the atmosphere as carbon dioxide (CO2). The major reasons for deforestation are agriculture and urban growth, and harvesting timber for fuel, construction, and paper industry. Currently, up to 25% CO2 emissions can be attributed to land-use change.
Lack of Community Awareness and Understanding: Despite the scientific consensus on the GC, it remains suspected by the lay persons whether the GC is really the case on Earth now. If it is, are there any concrete evidences to explain this phenomenon, and how significant the impacts of GC to agricultural environment? In Indonesia, most of the community members are still lacking of awareness and understanding about CC. Till today there are still many parties who are yet pay attention to the CC, even many community members (including some highly educated intellectuals) are still considered the CC as a garbage story that could have never taken place.
As the matter of fact, it has been alleged recently that many ecological and socio-economic systems were at risk from CC. However, to date, even the advances research has been unable to provide the strategies needed to address the two major issues advocated by UNFCCC regarding CC’s impacts – which are of “Mitigation” and “Adaptation” Strategies (IPCC, 1995). 
In an attempt to give thoughts to the nature of CC, water related problems and the subsequent “mitigation” or “adaptation” strategies, one should initially know about the nature of GC in connection with climate system and their implications, as well as the subsequent alternative measures to resolve the underlying constraints and problems including among others: Introduction to the general concept of GC and the climate system, greenhouse effect, GHG and their related sequences. These include the nature of GC and Hypothetical Model of GC; Human Caused GC; Evidences on temperature, precipitation, evaporation, evapotranspiration, river stream flows, and others.
This paper discusses concisely the nature of GC and their related aspects, human caused GC, CC’s implications, theoretical and empirical perspectives, as well as evidences of their adverse impacts and the way forward. Some alternative measures in terms of “mitigation” and “adaptation” strategies are outlined in this paper giving some perspectives on immediate targets for actions. It is evident from the concluding remarks that the CC with its relationship to the adverse impacts in Indonesia are far more complicated than one’s ever had in mind before. So, we mutually have to do things right now, to deal with the GCs and its related sequences of CCs for saving our our environment in particular and the global related consequences in general.  

II. THEORETICAL MODELS OF GLOBAL CHANGES AND EVIDENCES
2.1. Greenhouse Gases Principle: 
In principle, the accumulation of greenhouse gases (GHGs) in the atmosphere is a natural component of the climate system, which helps to maintain the Earth as a habitable planet. The GHGs are transparent allowing the sun’s energy to pass through atmosphere to the surface of the Earth. As the transmitted solar energy is absorbed by the Earth’s surface, for processes like photosynthesis, or emitted back to outer space as infrared radiation, some is absorbed by the GHGs molecules, and then re-emitted in all directions to warm the Earth’s surface and the lower atmosphere. 
2.2. Basic Concept of Global Change: 

The concept of global changes (GC) is highly correlated with human activities including the combustion of fossil fuels, deforestation, agriculture, and industry have resulted in well-documented changes to the composition of the atmosphere. 

Gases which have increased in concentration include carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and chlorofluorocarbons, all of which trap radiative energy, thus making the earth warmer than it would otherwise be. Meanwhile, the current atmospheric CO2 concentrations are about 30% higher than in pre-industrial times and are currently increasing by about 0.4% per year while methane (CH4) and nitrous oxide (N2O) have grown by about 145% and 15% respectively in the same time span.
Water vapor (H2O) and CO2 are two largest contributors to the greenhouse effect. While methane (CH4), nitrous oxide (N2O), chlorofluorocarbons (CFCs) and other GHGs are present only in trace amounts, but still have a powerful warming effect, and long stay in the atmosphere. Actually, without the greenhouse effect, Earth’s average temperature would be at about (-18°C), rather than the present (15°C).
Analyses with global climate models conclude consistently that the increasing concentrations of these gases has already had an influence on global climate (e.g. Cubasch et al. 1997, Rowntree 1998) and will result in further CC, (e.g. Wilson and Hunt 1997) although there remains uncertainty as to the nature of these changes occurred at regional levels. 
III. HUMAN CAUSED GLOBAL CHANGE
3.1. Six Documented Major Human Caused GCs 

The underlying perspective on global environmental change has been summarized in six relatively well-documented GCs: (1) the increasing concentration of CO2 in the atmosphere; (2) alterations to the global biogeochemical cycle of nitrogen and other elements; (3) the production and release of persistent organic compounds; (4) widespread changes in land use and land cover; (5), hunting and harvesting of natural populations of large predators and consumers; and (6) biological invasions by non-native species. All of these clearly represent ongoing GCs, and all are clearly human-caused – one of the phenomenon so called “Tragedy of the commons”.
In addition, the combustion of fossil fuels is not the only anthropogenic source of CO2. When ecosystems are altered and vegetation is either burned or removed, the carbon stored in them is released to the atmosphere as CO2. While the principal reasons for deforestation are agriculture and urban growth, and harvesting timber for fuel, construction, and paper materials. (Currently, up to 25% CO2 emissions can be attributed to land-use change).
3.2. Evidence of Global Changes:
At present, it is widely recognized of the scientific consensus that concentrations of GHGs in the atmosphere are increasing to causing global CC. Further to the consensus, it also understood that human-driven emissions and other GHGs, as well as land-use change, are primarily responsible for the increase. But there remain a question by most members of lay communities: “But, is the GC really happening now? If so, are there scientific evidences to explain this global phenomenon?; How significant are the adverse multi-dimensional impacts (including CCs) to our mutually owned Mother Earth?” 

Some reports stated that concentrations of GHGs, especially CO2 – have risen over the past 250 years, largely due to the combustion of fossil fuels. Since the Industrial Revolution, concentration of CO2 has risen from 270 ppm to about 370 ppm, which is highly significant. Concentrations of methane have also risen due to cattle production, the cultivation of rice, and release from landfills. As a matter of fact, nearly one-third of human-induced nitrous oxide emissions are a result of industrial processes and automobile emissions.

Indicated Parameters of Changes: Despite the presently identified changes, the GHGs are mostly explainable by certain changes of parameters which are affecting simultaneously to the changes. These includes among others on changes of temperature, precipitation, evapotranspiration, land use, sea level rise, and so on, which are the determinant factors of the GCs. For instance, recent warming trends have been found in Australia, where annual minimum temperatures have increased by 0.85oC per century and maximum temperatures by 0.39oC per century (Wright et al. 1996). Also, the all-Australian average rainfall has been found to increase by 14%, heavy rainfall by 10-20%, and the numbers of dry days decreased by 4% (Suppiah and Hennessy 1996, 1998).

Evidence also apparent in the mainland continent of the USA, where increased in precipitation since 1970 continues to average 5 to 10% higher than earlier decades with an increase in heavy rainfall events (Karl et al. 1995, Angel and Huff, 1997, Dai et al. 1997). Other evidence in southern Canada where precipitation increased by 13% over the past century, up to 20% in northern Canada (Groisman and Easterling, 1994). For the drought case it was reported in China that average annual precipitation has decreased by 5% over the past 30 yearsr, and the greatest decrease was occurred in summer (Dai and Ding 1994). 
3.3. Projected and Actual Observed Effects of CCs
Hypothetical: A special study conducted by Sibuo, at.al., 2007 in the Aral Sea Basin developed hypothetical assumption of the effect of CCs that:  (1) Precipitation: Increased by +20 km3/yr (from 467 to 487 km3/yr); (2) Evapotranspiration: increased by +17 km3/yr (from 400 to 417 km3/yr); (3) Increased discharge into the Aral Sea at about +3 km3/yr (from 67 to 70 km3/yr). (4) But, observed drastic shrinkage cannot be explained by CC. (The case of Aral Sea Basin, After Shibuo, Y., and at.al. 2007).
3.4. Evidence on the Effect of CC and Water Resources: 
The experimental model confirmed the hypothetical assumptions that: (1) Irrigation water input from river runoff, modeled discharges agree with observed runoff; (2) Modeled runoff of at 11 to 16 km3/yr (observed total runoff: 12 km3/yr); (3) Resulting evapotranspiration at about +60 km3/yr; (4) Limited groundwater increase. (Case of Aral Sea Basin, After Shibuo, Y, at.al., 2007)
In spite of specific condition of the study area, the analysis results showed significant evidence of GC such as: (1) High percentage, at about 97%, of applied irrigation water, returned to the atmosphere; (2) Net water balance of (P - ET) decreased by 60% since pre-1950; (3) Apparent relation between increased ET flux and changes in regional climate (P and T). (Case of Aral Sea Basin, After Shibuo, Y, at.al., 2007).

IV. CONCERN AND SCHENARIO OF GLOBAL CHANGE

4.1. Concern of Global Change:

According to UNEP: Freshwater scarcity is viewed by both scientists and politicians as the 2nd most important environmental issue of the 21st century. This has been more obvious due to the fact that: ‘‘the world water cycle seems unlikely to be able to cope with demands in the coming decades’’. Thus, only the topic of “Climate Change” is mentioned more often than water scarcity. In fact, today, about 67% of the global water withdrawal and 87% of the consumptive water use (withdrawal minus return flow) is for irrigation [Shiklomanov, 1997]. 

4.2 Global Change Scenario:

Apart from the existence of diverse “Global Change Schenarios”, it has been apparent that the climate models will never be able to provide a singular prediction for future climate – there will always be a remaining threshold of uncertainty. In reality, if a single scenario is used to model a particular impact, the results may be precise, but are not representative of other futures – to be of real use for planning or policy making purposes. 
Strategy for Action: To date, research has not been able to provide effective strategies to address the two major issues raised in the UNFCCC. These Are: (1) “Mitigation”; and (2) “Adaptation”. “Mitigation” strategies aim to stabilize GHGs concentrations in the atmosphere at levels preventing “dangerous” anthropogenic interference with the climate system. On the other hand, “adaptation” strategies recognize that some CCs are inevitable, and that some systems sensitive to climate will prove to be vulnerable, requiring “adaptation” measures. 
V. IMPLICATIONS OF GLOBAL CHANGES
5.1. General Implications:
Implication on Irrigation: The importance role of irrigation, as the largest water consuming effort, is explained by the fact that irrigated agricultural land comprises less than 1/5 of cropped area, but produces 40 – 45% of the world’s food. Based on this consideration, it is expected that “Irrigated Agriculture” will have to be extended in the future to feed growing populations (+ 1.5 – 2 B people by 2025). However, it is not yet known if there will be enough water for the extension. 
Domestic and Industries: Based on the underlying trend, it is most likely that water demands of the domestic and industrial will increase in the future. Most probably that regions do not experience scarcity, will be restricted in their agricultural development. However, this approach would always become a dilemma of food security. Therefore, the future water and food security has to be addressed, such that the ‘‘water requirement’’ to be applied to the crop by irrigation to achieve optimal crop growth. (By considering the future impacts of “CC”, demographic, socioeconomic, and technological changes). 
Blue and Green Waters: It is well understood that plant production requires a sustainable provisioning of water – “green” or of “blue” water (Malin Falkenmark in 1993). Green water is the fraction of water that is evavotranspirated, i.e. the water supply for all non irrigated vegetation. Blue water is the water flows in groundwater and surface water. So both blue and green water have to be protected, as both have also been affected significantly by the underlying CC with varies magnitudes, especially on paddy production.  
Biological Invasion: One of the identified effects of human caused CC change is on biological invasion with series of obvious implications. These are: (1) Barriers the major floral and faunal regions of Earth; (2) Blurring the regional distinctiveness of Earth’s biota; (3) Invading plants which may itself threaten diversity; (4) Affect human health; (5) However, some new species are beneficial to humanity. 
Ecosystem Effects: Other implication is that the associated CC would alters community composition of other plant species, and of soil organisms - towards dominance by other non-native organisms. In fact, the invasion by one species would in turn changes the composition and dynamics of the entire ecosystem - Vitousek and Walker, 1989. 
5.2. Biological Diversity: 

One of the major impacts of GCs is on the biological diversity with all of their related linkages. Along the occurrence of GC, the invasion of wave after wave of introduced pests and diseases. With all of these obvious linkages, it is suspected that invasions will continue to represent the most important factor reducing diversity of environment for the foreseeable future. (Sinclair, Lyon and Johnson, 1987, Campbell and Schlarbaum, 1994, Niemelä and Mattson, 1996). Some of the changes of biological diversity may affect the human health, as the introduced of alien species themselves can act as vectors of disease. 
Another example is the golden snail (Pomacea canaliculata) in Asian rice ecosystems. This species was brought from South America to Taiwan to provide a supplemental source of protein and export income to small rice farms. Encouraged by escalating market potential, the entrepreneurs who imported the snail simply exported it to other countries, and hence the snail has now spread throughout east and southeast Asia. (Vitousek, M. Peter, 1997, P.7). For illustration of the impact of invasion, in the Philippines, the total cost on invasion to farmers was $27.8 – 45.3 million in 1990 alone. (Naylor, 1996) – Including costs of control with molluscides and handpicking, replanting costs, and yield losses. This amounted to about 25 - 40 % of rice imports in 1990. 

Invasion and Extinction: One of the difficulties to predict the propensity of biological diversity is that it may, to certain extend, introduced invasion of alien spicies on the one hand but caused extinction of species on the other. In fact, there is good evidence to explain that biological invasions contribute substantially to extinction of certain species. The case of north America for instance, as of 1991, 44 species of freshwater fish in the US were endangered by the introduction of nonnative fish; 40 species of fish known to have gone extinct since 1890; 27 were negatively affected by new fish (Wilcove and Bean, 1994).
VI. POSSIBLE MEASURES

6.1. What Can be Done?

From a number of evidences described previously, it is apparent that there currently many ecological and socio-economic systems were at risk from CC. So, there remains a question on what could be done to prevent the associated risks from happening. In the mean time, there are various temporary actions that could be undertaken prior to the long-term research achievements. These include (1) Slowing the impact, by lessening threat to economic growth and lifestyles, so to allowing the slowing fossil-fuel combustion; (2) Enforcing the national laws and policies, and devised new approaches, given reasonable public support; (3) Enhance and inform the concerned citizens, and encourage them to participate personally in recognizing impacts and preventing them from perpetuating; (4) Enhancing the concept of “thinking globally but acting locally” as an effective approach to mitigate the negative impacts of global changes; and (5) Identified the impacts of GGs and implications and take them to be the media for educated and dedicated individuals. 
For Water Resources Development and Management: Adaptation strategies seems applicable by recognizing that the related CC is inevitable. Since the systems sensitive to climate, thus will be vulnerable, and hence requiring “Adaptation Measures”. Despite the longterm processes, research and development (R&D) measures should be continuously scrutinized. 
The R&D activities for example, must consistently analyze the risk of CC using a Water Resources demand model – by applying a considerable advance in ‘bottom up’ studies, addressing the impact on a specific activity – as the basis for planning of adaptation measures. These include the R&D scrutiny on the possible application or adaptation – with local adjustment – of “indigenous technology” that has been evident to be sustainable by means of “participatory apparoach” for many decades till present.
VII. CLIMATE CHANGES AND PROBLEMS IN INDONESIA

It has been commonly identified that Indonesia and other countries like Brazil have been exploiting millions of hectares of forests as well as damaging wetlands. This not only produces more carbon dioxide, but it also reduces the number of trees and other plants that can act as carbon ‘sinks’. Based on the recent records Indonesia has been losing forests at the average rate of about 600,000 ha per year in the 1980s. Nevertheless, it has been increase at the rate of about 1.6 million ha per year by the end of the 1990s. As a result, forest cover has been declining rapidly from 129 million ha in 1990 to 82 million in 2000. It is predicted that at least 68 million ha will come about in 2008. 
With this evidence of increasing emissions in the one hand and less absorption on the other, the level of GHG in the atmosphere is now reaching very high levels. The Intergovernmental Panel on Climate Change (IGPCC) has estimated that between 1750 and 2005, the atmospheric concentration of carbon dioxide increased from about 280 to 379 ppm and has recently been increasing at a rate of 1.9 ppm per year. As a result, by 2100, global surface temperature could rise between 1.8 and 2.9 oC. (IPCC, 2007).
7.1. General Impacts of Climate Change in Indonesia
In general, there are a number of effects and impacts of CC in Indonesia that had been identified. The effects that are related with water resources among others are: (1) Sea Level Rise – which may cause flood and disappearance of small islands; (2) Ocean Warming – may affect the occurrence of unusual current of the ocean, decline in fishery harvest, and induce salt water intrusion; (3) Increased Temperature – will affect increase of forest fire, drought, loss biodiversity; (4) Increased Rainfall – which will enhance floods and land slides, and increase of disease risk; (5) Increased Evaporation – will cause changes in planting season, and cropping pattern; (6) Increased Tropical Storms – will cause drought and threat of food security.
7.2. The Impacts of Global Warming: 
The global climate is a very complex system including the complex interaction with many other tangible and intangible impacts. Therefore, the less attention in Indonesia, will contribute much of the underlying climatic problems worse than others. In facts there are already many climate-related disasters, including floods, droughts, landslides and wildland fires storms had hampered Indonesia. These evidences will become more frequent or more severe if no significant actions are undertaken. See Figure 1, The Indonesian map concerning degree of exposure to natural disasters (After UNOCHA, 2006).
Effect of the ‘El Niño-Southern Oscillation’ – ENSO: One of the most significant influences of climate phenomena on Indonesia is the occurrence of El Niño that taken place every few years enhances many other extreme weather conditions. The El Niño refers to changes in ocean currents in the Pacific Ocean, making them unusually warm. On the other hand, when the ocean currents are unexpectedly cold, this event  is called the La Niña. Both are related with the ‘Southern Oscillation’ which refers to changes in atmospheric pressure in the southern hemisphere. Altogether, are referred to as the El Niño-Southern Oscillation (ENSO).
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During the occurrence of an El Niño, Indonesia usually experience more droughts. In contrast, when a La Niña occurs, Indonesia will suffer from more floods than under the normal condition. Based on the ENSO report, during the period between 1844 and 2006, out of 43 droughts, 37 were associated with an El Niño. It was also reported that the ENSO affecting the frequency of forest fires and choking atmospheric haze.

During the most recent years, these extreme climatic events have become more often and yet their impacts have been more severe (Figure 2). Base on the report of GOI-Bappenas, 2007, between 1844 and 1960, droughts happened on average every four years, but between 1961 and 2006, they occurred every three years. Floods are also appearing more frequently. In the period 2001-2004, about 530 floods were reported, occurring in almost all provinces (Figure 3).The scale of damage is also increasing. The El Niño event of 1997-1998 was the most severe for 50 years; indeed, 1998 was the hottest year in the twentieth century.

7.3. Immediate Impacts of Climate Changes 

As the results of the underlying evidence in Indonesia, the following immediate impacts are observed: (1) Changes in seasons and rainfall – For several years now, farmers in the villages of Java have been quite aware of the occurrence of  abnormal climatic patterns. In most of Sumatra, and Java regions comparing the periods 1961-1990 and 1991-2003, the seasonal pattern now about 10 to 20 days deviation, and the occurrence of the dry season is now about 10 to 60 days earlier than the pattern before. In the future, parts of Indonesia, particularly in regions located south of the equator, could have longer dry seasons and shorter but more intense wet seasons with the kind of changes in the rainfall pattern; (2) More extreme weather events – Most parts of Indonesia will experience more frequent and fiercer coastal storms, along with droughts and floods and heavy rainfall that can be the trigger of landslides; (3) Rises in sea levels – As a result of both the expansion of seawater and the melting of glaciers and polar ice caps, global warming could result in a rise in sea level between 9 and 100 cm; (4) Higher air temperatures – This will change patterns of vegetation, and also the distribution of insects such as mosquitoes, which will be able to survive in regions that were previously too cool; (5) Warmer oceans – Warmer seawater can inhibit the development of plankton and limit the supply of nutrients to fish. Some species of fish are likely to migrate to other areas that offer better conditions of temperature and food. Higher temperatures will also damage or ‘bleach’ coral.
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From the data of the National Oceanic and Atmospheric Administration – NOOA-2007, it is suspected that the global warming started to accelerate, as indicated that ten of the strongest El-Niño events occurred after the 1970s. From these evidences it seems clear that Indonesia is already experiencing CC whether it is the impact of El-Niño or greenhouse effect, or combination of the two.
Immediate Impacts on farmers: As the results of change in rainfall patterns the farmers most likely lose out, particularly those in some upland regions will suffer from lose of soil cover through erosion. The yields of upland crops in Indonesia such as soybean and maize could fall by 20 to 40 percent. (PEACE, 2007). But almost all farmers will also be affected. Even today, many of them are finding it difficult to decide when to plant their crops, or are suffering from crop failure because of erratic rainfall or drought. These pressures have major implications for national food security. The Climate Laboratory at the Bogor Institute of Agriculture says that during the period 1981-1990, every district in Indonesia was losing on an average of around 100,000 tons of production per year; by the period 1992-2000, this amount had increased to 300,000 tons.

7.4. Impact on Fishing Communities: 
Climate change has major implications for millions of coastal fishermen. They rely on highly sensitive ecosystems in which even small changes can have large effects: changing water temperatures that damage coral reefs, for example, will exacerbate other, human-induced stresses such as pollution and over-fishing and thereby cause a reduction in fish stocks. Fishing boats will also have to cope with more erratic weather and high waves. Climate change has already undermined livelihoods in many islands of Maluku, for example, where fishermen say that they can no longer predict the right times or places to catch fish because of the different climate pattern (Abdul Khalik, 2007). Rising sea levels could also inundate many of the shrimp and fish ponds in Java, Aceh and Sulawesi.

7.5. Impact on Coastal Communities: 
As a vast archipelago of over 17,000 islands and with 80,000 km of coastline, Indonesia is extremely vulnerable to sea level rise. A rise of about one meter could inundate around 405,000 ha of coastal land, causing the disappearance of many low-lying islands along with coral reefs. This has implications for Indonesia's national borders: recent studies indicate that at least 8 of 92 of the outermost small islands that establish the baseline for Indonesia's territorial water are very vulnerable to sea level rise. Many sections of the coast have been rendered even more vulnerable by erosion – which has also been aggravated by human activity such as the building of jetties and sea walls, the damming of rivers, sand and coral mining, and the destruction of mangrove forests. Currently, around 42 million people in Indonesia live in areas less than 10 m above the average sea level. (IIED-2007).
Impacts on Urban Dwellers: A sea level rise of between 8 and 30 cm would also have a serious impact on coastal cities such as Jakarta and Surabaya, which will become even more vulnerable to flooding and storm surges. This problem has been made worse in Jakarta because at the same time as the sea level has been rising, the ground level has been subsided – the construction of tall buildings and the increasing extraction of ground water have been causing the land to fall. But Jakarta has regularly been subject to regular flooding as a result of heavy rainfall: in early February, 2007, flooding which lasted for about 22 days killed 57 people and forced 422,300 to leave their homes, of which 1,500 were destroyed. Total damaged was estimated to be about US$695 million (Rizaldi Boer, 2006).
One study has estimated that the combination of a sea level increase of about of 0.5 m and continuing land subsidence would lead to the permanent inundation of six locations – three in Jakarta (Kosambi, Penjaringan and Cilincing) and three in Bekasi (Muaragembong, Babelan and Tarumajaya) – with a total population of approximately 270,000 people. Many other parts of the country have recently experienced flood disasters. Heavy floods in Aceh, for example, at the end of 2006 took 96 lives and displaced 110,000 people who saw their livelihoods and assets destroyed. In 2007 in Sinjai, South Sulawesi, several days of floods destroyed roads and bridges and isolated 200,000 people. Later in the year, floods and landslides in Morowali, North Sulawesi forced 3,000 people to move into tents and barracks.

Loss of Water Sources: Changing rainfall patterns are also reducing the availability of water for irrigation or for drinking. In Lombok and Sumbawa islands, between 1985 and 2006, the number of water sources for irrigation and drinking water fell from 580 to 180 units (WWF Indonesia, 2007). Meanwhile, the islands are also suffering from ‘season breaks’ – droughts during wet seasons – which have now become much more common, leading to crop failure. Across the country, many more rivers now have much lower flows, such as the Sungai Ular (North Sumatra), the Tondano (North Sulawesi), (GOI,2007). the Citarum (West Java), the Brantas (East Java), the Ciliwung-Katulampa (West Java), the Barito-Muara Teweh (Central Kalimantan), and the Larona-Warau (South Sulawesi). In coastal areas, the loss of groundwater combined with rising sea levels will also allow more sea water to intrude – contaminating water resources for both drinking and irrigation.

More frequent fires: Droughts combined with changing patterns of land use have led to an increasing fire risk. In Central Kalimantan, for example, the Peat Project in the 1990s aimed to convert one million hectares of peatland for palm oil plantations. This proved to be a failure, causing enormous environmental damage. Especially during El Niño years, and particularly because of building canals to drain the swamps and using fire to clear lands. In El Niño 1997, the total area of fire-damaged peat land in Indonesia was estimated at 6.8 million ha (Susan E. Page, 2002). These fires have not only caused health problems but also damaged people’s livelihoods – increasing poverty rates by one-third or more (Johan Kieft, 2007). Fire in El Niño years has cause major damage across the country: in 1997 alone, the cost was estimated between US$662 million and US$1,056 million (EEPSEA and WWF, 1998).
VIII. IMMEDIATE TARGETS ON ENVIRONMENTAL ADAPTATION OF WATER RESOURCES DEVELOPMENT AND MANAGEMANT
8.1. Environmentally Friendly Water Resources Management: 

Given the fact that water resources develoment and management are highly sensitive to climate, then the strategy to address the CC, which is inevitable, has to be implemented by making use of adaptation strategy. The fact that water availability – especially for irrigation) has been increasingly scarce due to the impact of CC, therefore water based production must apply for water saving effort complementary with the effort to minimize the negative impacts of pollution. Thus, the immediate target on environmental adaptation has to be consistent with the environmentally friendly (EF) water resources development and management approach, and hence become significantly important target.
8.2. Enhancement of Bio-Environment Functions of Irrigation Areas:     
One of the immediate target toward irrigated agricultural adaptation is related with the enhancement of bio-environment functions of irrigation areas. Therefore, in the immediate future, agro-based environment and hydro-based tourism industry has to be enhanced to attract more tourists to enjoy agro-based recreation, bio-environment amenities, and leisure agriculture. 

8.3. Environmentally Friendly Reservoir Operation:
The fact that reservoir as one of the most important water resourrces infrastructures is also susceptible to CC, the reservoir operation should be adjusted with water allocation for “Environment” (E-Flow). However, the environment allocation in terms of e-flow for the reservoir that had not accommodate this allocation during the design stage, may suffer from water deficit. For illustration, a research study at Shihmen Dam in Taiwan, concluded that at least 3.00 m3/sec of water has to be released constantly to maintain balanced habitat. However, the magnitude of e-flow varies from reservoir to reservoir depending upon the specific nature of the reservoir in questioned, but this allocation would become complementary, should the adaption to CC be accomplished. In the immediate future, therefore, the policy of reservoir operation has to consider “E-Flow” on case by case basis (Wu Ray-Shyan et.al., 2003).
8.4. Mitigation of Multi-Level Impacts of Silent Revolution (Pump Revolution);
It is widely understood that immediately after the “Green Revolution” another revolutionary transformation is hampering the water resources – known as “Silent Revolution (Pump Revolution)” – i.e. the cheap pumping technology revolutionizes access to water which in turn brough about multi-levels impacts on socio-hydrology, water management, and threats to ecosystem.
The most obvious impacts of Silent Revolution that have to be mitigated are (1) Hydrological Impacts in terms of radical alteration of hydrological regime, and excessive groundwater mining; (2) Social Impacts: which enhance the exclusion of poor farmers’ community; (3) Management impacts: which bring about mass mobilization and make the conjunctive water use extremely difficult and complex; (4) Economic Impacts: in terms of enhancement of complex interactions between hydrological cycles and redistribution; and (5) Environmental Impacts: which trig draw-down of water-table, enhancing pollution, land subsidence, and salination (Molle, et.al., 2003). 
IX. PROPENSITY TOWARD ADAPTATION TO CLIMATE CHANGE
9.1. The Adaptation Imperative – a Call for Action

Adapting to CC change is an urgent priority for Indonesia. All departments of government and of national planning need to take CC into account in all their own programmers – on issues as diverse as poverty reduction, community empowerment, food security, disaster management, disease control, and urban planning. But this is not only a job for the central government, but it has to be a nationwide effort involving local government, communities and NGOs, as well as the private sector.

In recent years, the global community has become increasingly concerned about the effects of global warming. In the early 1990s, the United Nations Framework Convention on Climate Change (UNFCCC) was drafted, which came into force in 1994. In this framework, they envisaged two main strategies: mitigation and adaptation. Mitigation involves finding ways to slow the emissions of GHG or to store them, or to absorb them in forests or other carbon ‘sinks’. Adaptation, on the other hand, involves coping with climatic change by making appropriate adjustments – taking measures to reduce the negative effects, or exploit the positive ones.

That is why many governments signed the Kyoto Protocol to the Convention, committing themselves to targets for reductions in the emissions of GHG. But mitigation on its own will not be enough, still need to cope with the effects of emissions that took place decades ago, because CC occurs only after a long time-lag. So we have no choice – adaptation is not just essential but inevitable
9.2. Adaptation on the Threats of Climate Change
Livelihoods – In Indonesia, the effects of CC are being felt more acutely by the poorest communities. Many work in agriculture or fisheries so their livelihoods are acutely climate sensitive. Whether in urban or rural areas they are also likely to be living on the most marginal land that is vulnerable to droughts, floods or landslides. Water, too much, too little, or too dirty is the major threat. 

Health – Heavy rainfall and flooding can overwhelm fundamental systems of sanitation in slum areas of towns and cities, exposing people to water-borne diseases such as diarrhea and cholera. Prolonged intense heat waves coupled with high humidity will also lead to heat exhaustion, particularly among the urban poor and the elderly. While higher temperatures will also allow mosquitoes to spread to new areas – with the ensuing hazards of malaria and dengue.

Food security – The poorest regions are also likely to suffer food shortages. Some are acutely vulnerable to climatic variations. Long droughts followed by crop failure in the province of Nusa Tenggara Timur, for example, have already had severe consequences and acute malnutrition is evident across the province.

Water Scarcity – Changing rainfall patterns are also reducing the availability of water for irrigation and for drinking. In coastal areas, the loss of groundwater combined with rising sea levels will also allow more sea water to intrude into water sources.

What can we do about this? – So far, most of the global attention on CC has been focused on ‘mitigation’ and principally on efforts to reduce emissions of carbon dioxide. These measures are vital, but for the poorest communities, who are responsible for very few of these emissions, the most pressing priority is to find ways to cope with this new environment – to adapt.
Instutional and Human Resources Empowerment: Parallel with the long-term-program, it is also imperative to undertake some kind of breakthrough in terms of supporting mitigation program as the following alternatives: (1) Implementation of Community Based Mass Movement in all parts of the development process; (2) Conducting countinuous Public Awareness Campaign for building the collective awareness of the people in the issue of CC; (3) Conservation of the upper reach of the river catchment”; (4) Combination of Conservation Movement and Clean River Program in the middle reach of the river catchment; (5) Combination between Clean River Program and Application of Spatial Planning at the down-stream reach of the river catchment; (6) Community Empowerment Program through self motivated rural movement on the provision of food, enegy, and infrastructures – taking into consideration of indigeneous knowledge and wishdom; as well as the three guideline principles (human, environment and enterprice – “TRBINA” (Indonesian term for three development guideline principles); and (7) Consistent provision of legal instrument, technical manual and guidelines (regulatory instrument) – both technical and administrative instrument on CC.
9.3. Adaptation Alternatives on Water Resources Related Activities
In an attempt to resolve the threat and the immediate consequences on adaptation measure to CC, the following alternatives are advocated: (1) Adaptation in Agriculture – Farmers, for example, will have to consider yet more crop varieties, at the same time of implementation of better water management and storage – supported by more relevant and accurate forecasts that will help them at the time during planting and harvesting of their crops; (2) Adaptation in Coastal Zones – Those who are facing the problem of rising sea levels can pursue three general strategies: ‘protect’, through planting soft barriers like mangrove trees; ‘retreat’, by living further from the sea shore, or ‘accommodate’ by, for example, switching to new sources of livelihoods; (3) Adaptation for Water Supplies – This effort must apply for appropriate integrated water resource management – for sustaining healthy ecosystems, and rehabilitating reservoirs as well as other water resources infrastructures; (4) Adaptation for Health – At the well manage environment, we have to strengthen primary health care. Due to the fact that a warmer climate allows mosquitoes to bring up, we need an effective health monitoring system to observe the spread of diseases like dengue and malaria. (5) Adaptation in Disaster management – In the disaster prone areas, CC makes ‘smart management’ of disasters all the more important. Rather than just responding after a disaster, the aim should be to reduce risks and prepare for disasters preventive actions; and (6) Adaptation for Urban Areas – In most parts of Indonesia, particularly in the coastal areas and urban dwelling that are susceptible to flood incidents, we would require much effective strategies for mitigating the risks.
Ultimately, however, the only way for all of us to adapt to CC is to switch to more sustainable forms of development – learning to live in ways that respect and harmonize with the natural environment. From the remotest villages to the most modern cities we are all parts of a complex natural system, and subject to powerful forces of nature. 
9.4. Adaptation on Disaster Management

Occurrences of Natural Disaster in Indonesia: In spite of the absence of long-term record the following evidences on the natural disaster explains the recent trend of escalation of disaster incidents in Indonesia: (1) There were at least 1,429 disasters in the period of 2003-2005 and around 53.3% related to hydro-meteorology (34% was flooding and 16% landslide). (2) In 2007, flood was the first rank disaster in Indonesia with 152 cases, 75 cases of tornados, 56 cases of landslides and other disasters such as tidal waves, and so on. (3) During El Nino years (1994, 1997,2002, 2003, 2004 and 2006) shown that 8 reservoirs on Java have produced electricity below normal capacities. (4) During El Nino 1997 has caused serious problems to coral reef ecosystems where 90-95% of coral reefs at the depth of 25m have experienced coral bleaching; (5) The availability of water is very much dependent on the climate, due to the limited supply of water (only covers about 37% of urban population and 8% of rural population) causing people and industries use deep groundwater resources. This eventually cause land subsidence that creates areas vulnerable to flood and salt water intrusion (GOI, 2007). 
It is all the more important, therefore, that we move to ‘smart’ disaster management. Rather than just responding after a disaster, the aim should be to reduce risks and prepare for disasters before they come about. Historically in Indonesia, people have taken such measures as a normal part of everyday thinking. Over the last few years, the Government of Indonesia has taken important steps in this direction. For example, the Government has passed new legislation on National Disaster Management (Risk Reduction) which should encourage communities to invest in their own safety by reducing the risk of disaster damage. The Government also initiated an intergovernmental public-private dialogue on a National Action Plan for Disaster Risk Reduction. The challenge now is to build the capacity necessary for local governments to implement these plans and strategies, and most importantly, to empower communities to take matters in their own hands to ensure that everyone in Indonesia lives within a ‘culture of safety’ (UNDP-Indonesia, 2007, pp. 16-17).
9.5. Aiming for Secure and Sustainable Development

Across all sectors, many of the adaptation measures will demand effective government action – which at the local government level will require much stronger coordination amongst different sectoral departments. Recently, the government has prepared the National Action Plan on Mitigation and Adaptation to CC (RANMAPI). The RANMAPI recognizes that CC is a serious threat to Indonesia's socio-economic development and environment and that the CC impacts are aggravated by the unsustainable patterns of development in Indonesia. It lays down the strategic principles and also details the short-term, medium-term, and long-term action plans on both mitigation and adaptation. The action plan aims at supporting the achievement of both national and local development goals. In this action plan, the CC is considered as a a wake-up call against the serious threat of environment. 
From this perspective, mitigation and adaptation start to merge – replanting forests, for example, not only increases the absorption of GHG but also protects people against the immediate danger from landslides. Reducing the consumption of gasoline in cities not only reduces carbon dioxide emissions but also improves the health of city dwellers and helps people, particularly the young and the very old, to survive more extreme weather conditions. 

9.6. Agriculture toward Adaptation to CC
Transformation Toward Adaptation: As a country develop, the agricultural sector begins to take a secondary role as an engine of adaptation. This condition can only be achieved with the support of effective Structural Change. Meanwhile, Agricultural versus Non-agricultural Development has to be balanced to avoid boosting production beyond the sustainable development, principle (this is necessitated to put special efforts on environmentally friendly irrigated aricultural development and management). Thus, with the “environmentally friendly irrigation techniques”, agriculture can be turned into an efficient adaptation engine to “Climate Changes”.

Measures to Pursue Adaptation in Agriculture: For pursuing adaptation measure in agriculture, as the largest consuming water, the following alternatives are recommended: (1) Adjust the cropping pattern following the climate forecast; (2) Improve crop management; (3) Improve irrigation facility and irrigation efficiency; (4) Provide more opportunity for alternative economic activities; (5) Set up policy to ban conversion of rice field to other uses on Java, stand by funding, insurance system; (6) Expand the rice growing areas to less vulnerable areas, new varieties; (7) Maintain and increase forest cover in the upstream – along with the short-term breakthrough of community based water conservation program, on river basin approach; (8) Diversify of food consumption; (9) Develop new irrigation facility in vulnerable rice production centre areas whenever possible to allow for increasing planting index and productivity; and (10) Undertake Inter basin transfer.
Constraints: In addition, consistent efforts to address the constraints and consider to make the attained adaptation more effective and sustainable: (1) Resources allocation, including effective Human Resources Development (HRD) through consistent capacity development; (2) Institutional arrangement; (3) Appropriate utilization of “Environmentally Friendly” technology; (4) Financial security for sustainable development and management; and (5) Appropriate legal instruments. These constraints must be addressed properly along with adaptation measure.
9.7. Immediate Strategy for Actions: 

Given the underlying urgency to take immediate action, the following strategies could be adopted by making the necessary adjustments: (1) Setting the policy of agriculture toward the road map for adaptation to “Climate Change”; (2) Address the "strategy toward professionalism"; (3) Conducive institutional setting, and decentralization (4) Optimum utilization of water and land resources; (5) Accommodation of E-Flow; (6) Grey water re-use and recycle; (7) Conservation of the degraded Water Resources; (8) Land resources management; (9) Mitigation of land conversion to non agricultural purposes; (10) Diversification of cropping and market potential; (11) Enhancement of micro-irrigation application; (12) Optimizing multi-functionality of irrigation water; (13) Enhancement of agro-based tourism; (14) Secure of Adequate O&M funds; and (15) Encourage the innovative technologies and consistent updating of the knowledge through professional “Research and Development (R&D)” activities. 
In addition, the strategy must also accomodate Environmental Flow (E-Flow), water conservation, land resources management, human resources management, conducive institutional setting, diversification of cropping patterns, application of modern technology, water reuse and recycle, and agro-based industries. 
9.8. Action that has been Taken by Indonesian Government; 
Most recently, the Government of Indonesia has taken some immediate actions, including the Mainstreaming of CC into the National Development Agenda. Under the limited funding resources, Indonesia has already been responding to this challenge in anticipation of the future consequences. These among others are: (1) In 2007 and 2008, the central government spending on environmental programs over 2006 levels to 6 trillions rupiah was doubled; (2) At the regional level, we have also nearly doubled spending to 6 trillions Rupiah on reforestation and special funds for environment and conservation; (3) Together, these funds amount to USD 1.4 billion spent on environment management, conservation and forest restoration; (4) In 2005, Indonesia also instituted a large increase in fuel prices by reducing subsidies that will encourage energy efficiency, while protecting the poor (Sri Mulyani – Minister of Finance, 2008).
X. CONCLUDING REMARKS
1. The climate change (CC) has already been exposed by many countries in the world, however, Indonesia has only been acquainted with some basic related principles to some research institutes, universities and other directly related agencies. Till today there are still many parties that are yet pay attention to the occurrence of CC, even many community members who are still considered the CC as a garbage story that could not possibly taken place and affecting the livelihood and environment.
2. As the matter of facts, most of the community members in Indonesia are still lacking of awareness and understanding about CC. Till today there are still many parties who are yet pay attention to the CC, even many community members (including some highly educated intellectuals) who are still considered the CC as a fictitious story that could not possibly taken place, what more affecting human livelihood and environment.
3. To date, research has not been able to provide effective strategies to address the two major issues raised in the UNFCCC. These Are: (1) “Mitigation”; and (2) “Adaptation”. “Mitigation” strategies aim to stabilize GHGs concentrations in the atmosphere at levels preventing “dangerous” anthropogenic interference with the climate system. On the other hand, “adaptation” strategies recognize that some CCs are inevitable, and that some systems sensitive to climate will prove to be vulnerable, requiring “adaptation” measures. 
4. Evidence of Natural Disaster in Indonesia: (1) There were at least 1,429 disasters in the period of 2003-2005 and around 53.3% related to hydro-meteorology (34% was flooding and 16% landslide). (2) In 2007, flood was the first rank disaster in Indonesia with 152 cases, 75 cases of tornados, 56 cases of landslides and other disasters such as tidal waves, and so on. (3) During El Nino years (1994, 1997,2002, 2003, 2004 and 2006) shown that 8 reservoirs in Java have produced electricity below normal capacities. (4) During El Nino 1997 has caused serious problems to coral reef ecosystems where 90-95% of coral reefs at the depth of 25m have experienced coral bleaching; (5) The availability of water is very dependent on the climate, due to the limited supply of water (only covers about 37% of urban population and 8% of rural population) causing people and industries use deep groundwater resources. This eventually cause land subsidence that creates areas vulnerable to flood and salt water intrusion. 
5. Environmentally Friendly Water Resources Management: Given the fact that water resources develoment and management are highly sensitive to climate, then the strategy to address the CC, which is inevitable, has to be implemented by making use of adaptation strategy. Thus, the immediate target on environmental adaptation has to be consistent with the “environmentally friendly” (EF) water resources development and management approach, and hence become significantly important target.
6. Most recently, the Government of Indonesia has taken some immediate actions, including the Mainstreaming of CC into the National Development Agenda. Under the limited funding resources, Indonesia is already responding to this challenge in anticipation of the future consequences. These among others are: (1) In 2007 and 2008, central government spending on environmental programs over 2006 levels to 6 trillions rupiah was doubled; (2) At the regional level, we have also nearly doubled spending to 6 trillions Rupiah on reforestation and special funds for environment and conservation; (3) Together, these funds amount to USD 1.4 billion spent on environment management, conservation and forest restoration; (4) In 2005, Indonesia also instituted a large increase in fuel prices by reducing subsidies that will encourage energy efficiency, while protecting the poor.

7. Given the underlying urgency to take immediate action, the following strategies could be adopted by making the necessary adjustments: (1) Setting the policy of agriculture toward the road map for adaptation to “Climate Change”; (2) Address the "strategy toward professionalism"; (3) Conducive institutional setting, and decentralization (4) Optimum utilization of water and land resources; (5) Accommodation of E-Flow; (6) Grey water re-use and recycle; (7) Conservation of the degraded Water Resources; (8) Land resources management; (9) Mitigation of land conversion to non agricultural purposes; (10) Diversification of cropping and market potential; (11) Enhancement of micro-irrigation application; (12) Optimizing multi-functionality of irrigation water; (13) Enhancement of agro-based tourism; (14) Secure of Adequate O&M funds; and (15) Encourage the innovative technologies and consistent updating of the knowledge through professional “Research and Development (R&D)” activities. 

8. On the Policy Making Level: Strategy toward Human Resources Development “professionalism“ and with consistent support from the government on “Environmentally Friendly” water resources development and management technology”. The strategy must also accomodate “Environmental Flow” (E-Flow), water conservation, land resources management, human resources management, conducive institutional setting, diversification of cropping patterns, application of modern technology, water reuse and recycle, and agro-based industries. 
9. On the Implementation Level: Special scrutiny is particularly given to water saving irrigation options as well as micro-Irrigation, optimization of multi-functionality of irrigated agriculture, leisure agriculture, and agro-based tourism -- which has to be backboned by continuous ”research and development (R&D)” undertakings with subsequent innovative improvements. 

To this end the discussion and analysis presented in this paper conclude that the CC and water related problems in Indoneia is far more complicated than one’s ever had in mind before. Yet it is not too late, now, to take immediate actions. So, we all, have to do things hand-in-hand right now, to save our water resources in particular, and “Water Ecosistem and Environment”, in general.
-- HG --
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Figure 1. The Indonesian map concerning degree of exposure to natural disasters (After UNOCHA, 2006).





Figure 2. Number of Disasters, 1993-2002





Figure 3. Number of Floods, 2001-2002
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