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Inland Waters 

Indonesia 

Freshwater is a natural resource vital to the survival of all living things. Unlike the seemingly 

unlimited supply of water in oceans, freshwater is limited. The sources of freshwater - the 

river basins, groundwater reserves, lakes and man-made reservoirs - are increasingly under 

pressure to meet the ever demanding domestic needs as well as agricultural, industrial and 

other human activity needs. Incompatibility in utilisation or mutually exclusive demands 

often result in conflicts between and among various users. Over-exploitation or misuse leads 

to environmental degradation, resource depletion, pollution of the water bodies and 

increased risks to human health. 

The sustainability of freshwater resources is not just a function of the quantity of the 

resources at a given moment in time, but also at the rate at which it is replenished. For 

example, groundwater resources are extensive within the region but are recycled slowly, 

typically over hundreds of years for deep a aquifer resources as compared to several years 

for lake water and several days for river water. 

Climate is the most important factor in water availability as it determines the timing and 

location of preciptation and the amount lost to evaporation and also affects other losses such 

as transpiration by plants. Countries such as Indonesia receive abundant rainfall each year. 

However, seasonality is fairly pronounced throughout the region and in most cases plays a 

major role in water availability, even in those countries which receive high rainfall. 

Rivers and Lakes 

A substantial part of the freshwater used in the Asia-Pacific region is drawn from rivers and 

natural lakes. For instance, India has 400 major rivers, Indonesia 200, Japan 108, 

Bangladesh 50 and Thailand 20. Some rivers in the Asia-Pacific region flow through two or 

more countries, ten of which are amongst the world's largest river systems. Of these, the 

Mekong River, which flows through Vietnam, Lao People's Democratic Republic, Cambodia 

and Thailand, is the largest in the region whilst the Ganges has the largest drainage area. 
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The region is also endowed with a substantial number of lakes. Among the largest and most 

utilised are Toxle Sap in Cambodia, Lake Toba in Indonesia, Laguna de Bay in the 

Philippines and Lake Songkla in Thailand. These are all extensively used for drinking, 

irrigation, recreational purposes and fisheries. 

Man-Made Reservoirs and their Multiple Use 

Man-made reservoirs serve many functions in the region. They supply water for irrigation, 

industrial and domestic purposes, control flooding, improve conditions for navigation and 

serve as habitats for flora and fauna. However, in cases where large dams are constructed 

to create reservoirs, various environmental problems can arise. 

Groundwater 

Many areas of the Asia-Pacific region have extensive groundwater resources which receive 

significant annual recharge during the rainy season. Indonesia, for instance, is estimated to 

have over 450 billion cubic metres per year, enough to meet the country's water 

requirements for several years. 

Water Scarcity and Stress 

It is generally accepted that a country whose renewable freshwater availability, on an annual 

per capita basis, exceeds about 1,700 cubic metres will suffer only occasional or localised 

water shortages. Below this threshold, countries begin to experience periodic or regular 

water stress. When freshwater availability falls below 1,000 cubic metres per person, per 

year, countries experience chronic water scarcity, in which the lack of water begins to 

hamper economic development and human health. When renewable freshwater supply falls 

below 500 cubic metres per person, countries experience absolute scarcity. The basic 

concept of scarcity thresholds provides a useful tool of considering how changes in 

population can effect per capita water supply and hence abundance on a country-wide scale. 

By the standard of less than 1,000 cubic metres per capita, Singapore is already water 

scarce whilst India is heading, that way. 
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In the North China Plain a semi-arid area with a population of about 200 million, including 

major cities like Beijing and Tianjin, water shortages are already acute and demand is 

expected to outstrip supply, by the turn of the century. Consumption by industry, agriculture 

and the increasing populations is such that, if present trends continues, the area will have 6 

per cent less water than needed by the end of the century. Beijing alone will have a daily 

shortfall of about two-thirds of its current supply. Groundwater levels have fallen drastically -

as much as 80 metres in some areas - and as a result, some areas in Beijing have sunk by 

as much as 0.5 metres because of land subsistence. A higher level of use implies that the 

role of water in socio-economic development is becoming more important. For example, in 

Singapore, about half of the total renewable water resources, including transboundary in 

flows are withdrawn annually to meet the demands of the economy. 

Sectoral Water Use and Conflicts 

The biggest users of water are agriculture, industry and domestic sectors whose demands 

are continually increasing, resulting in an increased competition for supply. Agricultural 

water usage is normally accorded a lower government priority than domestic and or industrial 

usage and at times of water shortage, agricultural water supplies are reduced to ensure 

adequate supplies to the other sectors. 

Agriculture 

Regionwide, agriculture is the single biggest water user, accounting for 60-90 per cent of the 

annual withdrawal in most countries of the region, which is primarily for irrigation. The share 

of the water extracted for agriculture is about 95 per cent in the predominantly agricultural 

economies of Cambodia, Bangladesh, Nepal, Pakistan and Sri Lanka as compared to around 

64 per cent in the more industrialised economies of Japan and Republic of Korea. 

Furthermore, with population growth set to continue well into the next century, the demand 

for irrigation water is also likely to increase throughout the region. 
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Although water use is high, there have not been sufficient efforts to promote efficient use or 

reduction of wastage of irrigation water. Hence, a large quantity of water either never 

reaches the crop or is applied excessively, resulting in waterlogging and salinisation. 

Municipal/Domestic 

Although surface water is a major source for drinking water supply, groundwater and 

rainwater are often the preferred or only source. Where available, groundwater is preferred 

for a number of reasons. It is usually of high quality and free of pathogens, turbidity and 

colour, its temperature and chemical composition is generally constant and it is relatively 

unaffected by short-term droughts. Furthermore, it is the only source of water supply. 

Cities in the region which are significant groundwater users are Lahore, where 100 per cent 

of the supply is from groundwater, Beijing (69 per cent), Mandalay (100 per cent), Dhaka (95 

percent), and Cebu (99 percent). The contribution of groundwater for drinking ranged from 4 

per cent in Japan to 82 per cent in Mongolia, with the Maldives, Nepal and the Philippines 

replying mainly on groundwater resources. 

In urban households with piped water, daily use typically ranges from 100 to 400 litres per 

day and averages about 200 to 250 litres per day. For example, in New Delhi, per capita 

consumption is 257 litres per day and in Bangkok, 217 liters per day. By contrast, in rural 

areas of the developing countries the per capita use averages only 40-50 litres per day while, 

in some island countries it is as low as 2 to 5 litres per day which is below public health 

requirements. In the latter case, coconut water sometimes has to be substituted for water 

during dry spells. 

Industrial 

Industrial water is used mainly for cooling and cleaning. Groundwater is the primary source 

of industrial supply in the region, accounting for 50 to 80 per cent of the industrial water 

requirements in India, the Philippines, Maldives and Nepal and 99 percent in Mongolia. 
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Fossil-fuel energy generating plants are the single largest industrial water users in the region, 

with over 80 per cent of the total industrial use. The remainder is mainly used by industries 

such as primary metals, chemicals, petroleum, pulp and paper and food processing. More 

than 80 per cent of this water is returned to the source but is often polluted thermally or with 

by-products and wastes from manufacturing processes. Moreover, many industrial 

processes require the use of large quantities of water for each unit of output, thereby 

indicating considerable inefficiency 

Other Uses 

Other uses of inland water resources in the region include hydropower generation, fisheries, 

navigation, recreation and cultural (religious) use. Hydropower generation has increased 

significantly in recent years in many parts of the region, by over 5 per cent in some cases. 

For instance, hydropower accounts for almost all of the electricity generated in Bhutan and 

Nepal. In Afghanistan, Democratic People's Republic of Korea, New Zealand and Sri Lanka, 

more than 50 per cent of the electricity is generated from hydropower. 

Inland waters are also an important source of food for many people in the region. The total 

freshwater fish catch amounted to about 11.3 million tonnes in 1992, more than double the 

production in 1982. Navigation is another important use of inland waterways in many 

countries, where transport by water is often the most efficient and practical option for 

supplying goods to local markets and for moving bulk cargo, agricultural and other products 

over longer distances.. Such is the case in Bangladesh, Vietnam and Thailand. 

The tourism and recreational potential of many of the region's inland water bodies is 

increasingly becoming recognised. In addition to recreational water sports, opportunities for 

"eco-tourism" are being exploited in areas which are rich in biodiversity. For example, Lake 

Toba in Indonesia has made significant contributions to local and national economies through 

tourism and recreation. 

- f-

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library



Water Quality Status and Trends 

It is an unfortunate situation that enhanced sectoral demand for water in the region is being 

accompanied by water scarcity on the one hand and deteriorating water quality on the other. 

In general, water quality in the Asia-Pacific region is being degraded by the combined effects 

of a number of factors, including salt-water intrusion, sewage effluent, industrial effluent,, 

urban and agricultural runoff and other human activities. The problem of pollution by 

pathogens is quite severe in South East Asia and the People's Republic of China. 

Salinisation is a major problem in the Pacific Islands while in South East Asia, eutrophication 

is significant. 

Pathogens 

Pathogens come primarily from domestic sewage that is discharged directly into 

watercourses, although they can also enter water supplies from stormwater runoff or as a 

result of soil percolation from landfills or from agricultural areas where untreated wastewater 

is used on crops. Since water borne pathogens are difficult to detect in the laboratory, water 

is instead tested for more easily measured "indicators", the presence of which indicate that 

water is contaminated with faecal matter. The most commonly used indicator is the micro

organism, Echerisias coliform, measured in counts per 100 ml of water. WHO clean water 

standards require that 98 per cent of water samples from any one area be completely free of 

coliform bacteria, a standard which is rarely met in developing countries of the region. Urban 

rivers in particular have been observed to have a high level of faecel contamination. 

With no sewage disposal system, Bangkok alone discharges an estimated 10,000 metric 

tonnes of raw sewage and municipal waste into rivers and canals each day. In Vietnam, 

Hanoi City releases several thousand cubic metres of untreated sewage and parasites 

directly into inland water daily, whilst Ho Chi Minh City discharges hundreds of thousands of 

cubic metres of sewage into the Mekong River. 
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In the Philippines, water pollution in Metro Manila is caused by increased domestic and 

industrial discharges. Many urban areas lack an efficient sewage collection system and only 

about 12 per cent of Metro Manila's population is served by a sewerage system. As a result, 

the Laguna de Bay is already in a hyper-eutrophic state due to pollution loads from domestic 

and industrial waste of the Philippines. 

Organic Matter 

Organic matter is the most common pollutant discharged into watercourses. The primary 

source is domestic sewage, but industrial effluents such as that from tanneries, paper mills 

and textile factories, are also significant sources. The oxygen required for breaking down or 

decomposing organic matter is taken from the surrounding water, thus diminishing its total 

dissolved oxygen content. The amount of oxygen required for microbial decomposition can 

be measured as biochemical oxygen demand (BOD). Another common variable used to 

estimate amounts of organic matter present in water is the chemical oxygen demand (COD), 

which indicates, through chemical reactions, the oxygen required to oxidize organic 

compounds. 

A detailed study of Surabaya River in Indonesia, found that 80 per cent of the river's pollution 

was caused by industry, despite the heavy discharge of domestic waste. The major polluters 

were pulp and paper, monosodium glutamate, dyes, sugar, tiles, coconut oil and metal 

fabrication industries. 

In the Philippines, about 69 per cent of the total 15,000 industrial firms are located in Metro 

Manila. These include industries such as textile mills, chemical factories, paper mills, 

distilleries, food manufacturing plants, plastic plants, soap and detergent factories and 

tanneries. As a result, four major river systems - the Pasig, Tullahan, San Juan and 

Paranague, Zapote - are now biologically dead. 
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Nutrients 

Small does of nutrients aressential for the metabolism and growth of all aquatic organisms. 

However, man-made sources of nutrients, such as the organic matter in municipal 

wastewater and run-off from fields fertilised with chemicals and manure can upset the natural 

balance of aquatic ecosystems. The enrichment of water with nutrients, especially 

phosphorous and nitrogen, often leads to enhanced plant growth (algal blooms) and depleted 

oxygen levels as the plant material decays. The first signs of eutrophication came to light 

only about 30 years ago. Today 54 per cent of lakes and reservoirs in the Asia-Pacific region 

are eutrophic, and the figure is rising. 

Fertiliser use in the region has increased substantially in recent years, especially in 

developing countries where intensive irrigation allows for double or triple croppings. Use of 

nitrogen fertilisers increased two to threefold in many countries during the last three decades. 

As a result, there has been a marked increase in surface and groundwater pollution caused 

by direct leaching of fertiliser residues from agricultural land. For instance, Indonesia, 

Malaysia the Philippines and Thailand have experienced increasing contamination. Nitrate 

pollution exist in groundwater in Lao People's Democratic Republic, Malaysia and to a lesser 

extent Indonesia. 

Heavy Metals and Toxic Chemicals 

Heavy metals including cadmium chromium, copper, lead, nickel and zinc are released in 

water due to both direct and indirect causes of human activities such as the processing of 

ores and metals, the industrial use of metal compounds, leaching from domestic and 

industrial waste dumps and mining operations and the use of lead pipes. Industrial and 

mining activities are major contributors to the increasing trend of heavy metal contamination 

of waterbodies. Moreover, there is a clear risk of increased heavy metal pollution as the 

region's industrial sector expands to include modern, highly polluting manufacturing 

industries such as synthetic chemicals, electronics and electroplating. 
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Chemical substances, such as DDT, PCBs and industrial solvents, which originate primarily 

in industries such as coal mining and petrol refining and in textiles, wood pulp and pesticide 

factories, are also increasingly being found in the rivers of the region. They are released into 

the environment through urban and agricultural runoff, atmospheric fall-out and urban and 

industrial wastewater. 

Silt and Salt 

Many rivers, lakes and reservoirs in the region are suffering from siltation caused by 

accelerated soil erosion through the overuse or misuse of arable, grazing and forest land with 

in their catchment areas. In fact, concentration of suspended solids in rivers and lake water 

is often closely correlated with percentage of land in the catchment that is devoted to 

agriculture. 

It has been shown than 14 per cent of lakes and reservoirs in the Asia-Pacific region have 

serious siltation problems. In Cambodia, heavy siltation of Tonle Sap Lake resulting from 

deforestation in the upper catchment has been reported to have significantly reduced its 

depth and decreased its fish yield. 

Salt content in surface and underground water has also reported to be increasing in some 

countries of the region. One cause is that salts dissolve in irrigation water as it percolates 

through the soil. Another is that excessive abstraction for agriculture has, in some cases, led 

to saline intrusion from adjacent seas. In Thailand's Chao Phraya Basin, dry season river 

flows are care finally managed to maintain the saline/freshwater balance in the delta. 

Radioactive Contamination 

Although radioactive waste disposal is not considered to be a significant problem as yet in 

the Asia-Pacific region as a whole, radioactive elements do occur naturally in some areas. 

For example, radioactive elements are known to occur in natural groundwater of several 

mining provinces in Australia. 
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Environmental Impacts of Unsustainable Water Resources Development 

Besides growing scarcity and deteriorating quality of freshwater in the region, a mounting 

concern in recent years has been the unsustainable development of water resources.. 

Massive increases in demand for water in recent years necessitated exploitation of both 

surface and groundwater in the Asia-Pacific region, through large scale projects such as 

dams, deep wells, reservoirs and irrigation systems. Many of these projects have serious 

impacts on the environment. 

Each year, millions of cubic metres of water are abstracted from the region's rivers, streams 

and reservoirs for human consumption and use. Irrigation, in particular, has been a major 

user and has had significant environmental impacts, such as land degradation through 

waterlogging and desalination, depleted aquifers, shrinking lakes and inland seas and the 

destruction of aquatic habitats. 

Impacts of Over-Withdrawal 

There is evidence that surface water has been over-abstracted in certain parts of the region 

leading to environmental degradation. The case of the Aral Sea in Central Asia, which has 

reduced in size by 40 per cent and in volume by as much as 60 per cent, lost almost all of its 

native organisms during the past 30 years, is the best known example. The Indus in 

Pakistan and the Brahmaputra in Bangladesh are two other examples where over-abstraction 

upstream is affecting the ecology of deltaic areas. 

Land Degradation 

By far, the most pervasive damage to land that stems from bad irrigation practise is 

waterlogging and salinisation of the soil. Inadequate drainage, seepage from unlined canals 

and overwatering of fields has led to increased water tables in many areas. As a result root 

zones become waterlogged, depriving plants of oxygen and inhibiting their growth. 
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Furthermore, waterlogging can exacerbate salinity by concentrating salts when surface 

evaporation takes place by drawing salts from lower reaches of the soil profile into the root 

zone. Applying 10,000 cubic metres of water to a hectare per year, which is a fairly typical 

irrigation rate, would add between 2 and 5 tonnes of salt to the soil annually. Good irrigation 

practise would limit the salt accumulation and ensure that good quality water is applied 

regularly to flush out existing deposits. 

Impacts of dams and reservoirs 

Given the seasonality of rainfall in the region, dams and impounded reservoirs are on 

essential part of the water management systems that provides for irrigation, flood control, 

water supply and power generation. Given the rapid growth in demand for energy, 

hydropower offers one of the more environmentally sustainable modes of power generation, 

compared to the use of forsil fuel or nuclear power. Asia has over 20,000 large dams with 

heights of over 15 metres. Dams have an impact on the environment such as loss of forests, 

agricultural land and other natural habitats due to inundation, but also have significant and 

far reaching impacts downstream. 

Groundwater Utilisation 

Groundwater utilisation becomes unsustainable when abstractions exceed recharge rates on 

a long-germ basis. Groundwater is the primary source of water in parts of Vietnam and in 

countries with rapidly growing economies such as Thailand and Malaysia. 

Land Subsidence 

In many countries of the Asia-Pacific region, falling water tables signify that groundwater 

withdrawal have exceeded the rate of replenishment. Consequently, incidences of the 

depletion of sources and land subsistence have been reported from many parts of the region 

including South East Asia. Cities such as Bangkok and Jakarta is South East Asia have also 

suffered from land subsidence due to over-abstraction from groundwater reserves. In 

Bangkok, for example, this has amounted to land subsiding by 0.5 to 0.6 metres in places 

over the last 20 to 25 years, which has aggravated the city's flooding problems. 
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Groundwater assessments for Male in the Maldives demonstrate that water supply for human 

consumption is now reaching a crisis point. The depth of the existing freshwater lens has 

shrunk from 21 metres in the early seventies to just 3 metres today. Furthermore, 

calculations suggest that, at the current rate of withdrawal, the freshwater supply will be 

exhausted in the next few years. As a result, Male now has to rely on expensive desalination 

plants for the supply of freshwater. 

Salt Water Intrusion and Pollution 

Salt water intrusion is another serious problem associated with groundwater abstractions. 

Large numbers of the region's urban population living in coastal areas have been affected, 

including those of Indonesia, Maldives, the Philippines, Thailand and Vietnam. 

Intrusion occurs when the water levels in freshwater aquifers are lowered to a point where 

salt-water can invade aquifers bearing freshwater. As groundwater is extracted from wells, 

the salt-water slowly moves through the water bearing beds in the direction of the wells. 

Such contamination manifests itself in gradual increases in the salt content of the water 

being abstracted. In Thailand, the rapid lowering of the water table due to excessive 

extraction has caused the shallow aquifers in Bangkok to become contaminated with salt

water from the nearby ocean. Identical problems have occurred in Manila and Jakarta. 

Besides intrusion from salt water, groundwater reservoirs in many cities are also increasingly 

being polluted by cesspools, septic tanks, leaking sewers and poorly designed landfill sites as 

well as leaching from improperly disposed wastes. 

Water Management Policies and Programmes 

The growing scarcity and deteriorating quality of water resources in many parts of the region 

has already raised serious concerns among policy makers. The trend of rapid population 

growth and rising domestic needs, along with growing water demand due to intensification of 

agriculture and expansion of the industrial, tourism and service sectors have added to this 

concern. Consequently, water management is becoming a critical issue in many countries of 
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the region, requiring appropriate policies and programmes and the adoption of both curative 

and preventive measures, 

A survey conducted by the ESCAP Secretariat found that most countries in the region have 

existing water policies. However, a major weakness in most of these policies is their failure 

to take into consideration the sectoral inter-dependencies within river basins. This has 

resulted in environmental damage to watersheds, land and water resources as well as 

financial waste. The main aim of the water policies to date has been to meet the growing 

needs for supply, while reducing capital investment and protecting the quality of water. 

Water processing and other financial incentives have increasingly featured in providing 

supplies and managing demand. Demand management through pricing is appealing 

because the user decides how much water to use and how to achieve conservation. 

Furthermore, it has been shown to work. For instance, in Bogor, Indonesia, a rise in the cost 

of domestic water from US$0.15 to US$0.42 per cubic metre encouraged a 30 per cent 

reduction in consumption. Similarly, in Bangkok, when a groundwater fee was introduced in 

1985, a lowering in pumping rate of 1 per cent was achieved. 

There are also many examples of the private sector being motivated to use appropriately 

treated municipal wastewater in suitable processes. Factories in Singapore, for example, are 

encouraged to recycle their water. Part of the effluent from one sewage treatment works is 

pumped into the Jurong Industrial Waterworks for conversion to industrial-grade water 

suitable for non-potable uses such as cooling, washing and toilet-flushing. 

It may also be mentioned that regional cooperation has enabled the improvement of 

transboundary water resources management. In South East Asia, for instance, the Mekong 

River flows through the People's Republic of China, Myanmar, Lao People's Democratic 

Republic, Thailand, Cambodia and Vietnam. The lower Mekong is the focus for international 

cooperation for water quality and pollution control. 
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Conclusion 

The most important problems concerning inland water resources in the Asia-Pacific region 

are the growing trends towards water scarcity, deteriorating quality and sectoral conflict in 

water allocation. These problems are evidence of the strains placed on the region's water 

resources by rapid population, urban and industrial growth. In many areas of the region, 

misuse of water resources has already resulted in the depletion of aquifers, falling water 

tables, shrinking inland lakes and stream flows diminished to ecologically unsafe levels. 

Other major environmental problems which have typically been associated with the 

development of dams, reservoirs and irrigation schemes in the region have included the 

displacement and resettlement of whole communities, inundation of valuable land, the 

spread of water-borne diseases, land subsistence, salinisation and waterlogging leading to 

the degradation of agricultural lands and depletion of flora, fauna and fishery resources. 

Water quality is also a major concern for the region. In general, it is being steadily degraded 

by a combination of factors including saline intrusion, sewage effluent, industrial effluent and 

urban and agricultural runoff. The percentage of lakes and reservoirs with eutrophication 

problems is the highest in the Asia-Pacific region and the problems of pathogenic agents is 

particularly severe in countries of South East Asia. 

Measures that are being taken by several countries in the region to meet the growing 

demand for good quality water, ensure efficient use and to safeguard water quality, include 

water reuse/recycling, seawater desalinisation, demand side management, protection of 

wetlands, legislation and economic incentives. 
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