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ABSTRACT 
 

The Maintaining system infrastructure to distribution drinking water to customers is often a significant 
challenge for the operators of the water supply distribution system. The risk happen in the system, the broken 
pipe's being not able to be repaired in time often causes being unable to supply water or flow loss, the water 
pollution, resulting in the users' dissatisfaction.. This research is established the in-time management models 
with the District Meter Area (DMA) network, monitoring stations, and system control center.  That is related 
to building of the DMA and establishing of the management model with control DMA Network systems, 
those can find potential leak area or pipes and to replacement before leakage.That also can detect the decrease 
water pressure and abnormal increase of conductivity leakage in time. Then It use dual check by means of 
decrease the water pressure, estimate the Minimum Night Flow (MNF) and obtain the water-leaking point 
from the leak or broken pipe, and repair the pipe promptly.  The method can make the water distribution 
system supply water under the best condition, reasonable water pressure and thus raise the reliability of that 
system. In this study, the  Ruey-Fang DMA network system  was chose as case study to verified the model& 
proposed method, and show increase the efficiency in result. 

 
KEYWORDS 

 
Monitoring system, district meter area, management model, network, reliability  

 
 
INTRODUCTION
The Water Department are paying more and more attention to control management of water 
systems, including the water quality, the leakage, the water pressure, and the water quantity.  The 
raising of the reliability of water distribution system is needed. Although research has completed on 
potential leak area or pipes and to evaluate the minimun leakage in each zone  of water distribution 
systems.  In this study, the in time monitoring management information system was constructed in 
the DMA the monitoring stations. That monitoring stations setup by the arc line method and 
coverage area.The pipe may break and the pollutant intrude at any time and at any point in the 
system, the grasp of the time difference is very important and quiet difficult in simulation.  
Moreover, in the entire course of operation, the monitoring station and the operators of the control 
system shall maintain the conditions of normal operation and respond and handle the incidents in 
time, which is the most important base of existence of this control system by the management 
models with DMA network.  Therefore, establishment of "the continuous arc line" and "the first arc 
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line" in the network, in the past operating information of the shortest path's length and data, the 
monitoring station's coverage, and the hydraulic simulation model can be controlled and inputted in 
the system.  It makes the monitoring station be able to control the water pressure, the minimum 
minnight flow, leakage estimation techniques, and perform mathematical calculations the 
unreliability pipe and postion of the burst pipe or the source of pollution due to abnormal situations, 
and it can repairt the pipe in time. That make the DMA network system to achieve the best 
condition, and raising the reliability. 

 
 
MATERIALS AND METHODS 
 
The System Reliability 
Goulter and Coals (1986) and Suetal.(1987) used the probability theory of failure rate of each 
pipelines. Use that theory to complete the DMA reliability of the system, That calculate lower 
reliability area and repairt the pipes to make the system achieve the best condition, and raising the 
reliability. The probability of failure of pipe i , P i ,  is determine using the Poison probability 
distribution 
 

iePi
���� 1         (1.1) 

   and   iii Lr��         (1.2) 
 
where�j is expected number of failures per year for pipe i; ir  is expected number of failures per 
year per unit length of pipe i; and iL  is length of pipe i. 
 
The system reliability Rs, is obtained from minimum cut sets. Su et al.(1987) defines the minimum 
cut set as "a set of system components, when failed, causes failure of the system."  Supposing there 
are n pipelines in the ith minimum cut set of a water distribution network system, the failure 
probability of the ith minimum cut set (M iC ) is  
 

n

n

j
ji PPPPMCP �����

�1
21)( �  (1.3) 

 
  For example, there are 4 minimum cut sets: 1MC , 2MC , 3MC and 4MC   in the water distribution 
network system.  Billinton and Allan (1983) defined the failure probability fP of the system’s 
reliability as follows:   

)( 4321 MCMCMCMCPPf ����  (1.4) 
Applying the union and intersection principles of Ross (1985) to define the above-mentioned, the 
equation fP  can be simplified to be:  

)()()()( 4321 MCPMCPMCPMCPPf ����  (1.6) 

)(
4

1
	
�

�
i

if MCPP  (1.7) 

In general form 

)(
1
	
�

�
M

i
if MCPP  (1.8) 

Then the system reliability fR can be represented as: 
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where M is the number of minimum cut sets in the system.  The same research method can be used 
on the analytic method of calculating the node’s reliability.   
 
The Series Connection System Reliability 
The simplest and the most typical system is the series connection system.  Each water distribution 
network will function when the system operates.  The ith water distribution network: the random 
variable that considers the time failure is Ti; for the water distribution network(s) in the system, the 
system's reliability is  
 

sR �
�

n

i 1
iR    (1.10) 

Ri is the reliability of the thi  water distribution network.   
 
It comprises a string of pipes.  If there is any pipeline leaking, the entire system can not operate.  
The model is based on the chain concept of n numbers.  If the applied pressure x exceeds the 
intensity of any chain pipeline y, the chain will be broken and will leak.  The model is applicable 
for the weakest chain model.  Its system's reliability is  

                    RS=
i

min Ri   (1.11) 

The equation of reliability of any chain pipeline is  

                   i=P x yi = 

�

0

fyi y Fx y dy   (1.12) 

 
The Management Models with control DMA Network 
The Management Models with water distribution network(s) in the water supply controal center 
system, Utilize the covering area and the arc line method of the DMA to get adopted monitoring 
stations for the management models. It is an effective way to evaluate water pressure,the quantity 
by hydraulic model and the setting sites of the adopt monitoring stations. The effective auditing 
mechanism of the monitoring stations in DMA, which make use of the Minimum Night Flow (MNF) 
method to evaluate of a long-term leakage in DMAs by TSDI Time Series Data Interface , and 
the pipelines' abruptly breaking time, location, distance, and path with the hydraulic simulation 
model. The messages of the internet, wireless telecommunication technology, SMS (Short Message 
Service),and Public Switched Telephone Network(PSTN) system, and monitoring points in order to 
achieve the effective and resonable water pressure ,quantity ,in results. The management models 
with the water supply controal center shown in Figure 1.  
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Figure 1 The Management Models with the Water Supply Controal Center System

According the system reliability to analysis the relation methode and considerations are as 
follows: 

1. Unreliability Pipeline and arc line to solve by the monitoring stations with DMA. The methode 
used the network weakness reliability analysis to find out the areas with the high leakage 
potential and pipe replacement. This analysis produces unreliability area and pipes which 
quantified the leakage by depicted , revealing the most critical area and pipes. It makes DMA 
setting along with pipeline replacement focus on the key places to effectively decrease the 
leakage. 

2. Which estimation techniques to evaluate the leakage of each zone of pipe replacement in 
DMAs, the Minimum Night Flow(MNF) method is generally adopted. Usually, MNF is not 
exact the leakage in the DMA although it s economy and fast. The inaccuracy of MMF 
becomes its bottleneck. as shown in Figure 2. We applied principles of probability and 
statistics to simulate the water consumption behavior of users in pass time and established the 
predict Intake Probability Model of users’ meters with binominal distribution. This can be used 
to the leakage of DMA from flow signals of electromagnetic meters along with MNF method.  

3. According to pass data can execute the conductivity, the water pressure, the water quantity& 
MMF in the DMA monitoring stations. That analysis determine the reasonable water pressure, 
quantity,to control it’s uniformity and whether leakage in DMA.by its method. 

4.If the burst pipe and the pollution in the water distribution network can happen at any place and 
any time.  The time monitoring system of DMA can control and be read in the data ,Also 
records it. The burst pipe makes the water pressure decline suddenly, the water quantity raise 
abruptly, the pollutant intrude the water distribution system, and the conductivity increase.  
These incidents are caused at the continuous connecting points, not happening in the 
discontinuous situation. 
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5. In theory, water pressure and leakage flow relations FAVAD easiest type equation 1L / 0L  = 
( 1H / 0H )

�

Reasonable water pressure, The management models can control DMA Network in 
reasonable water pressure( �H ,�), That changs by the maximum hours , minimum hours and 
abruptly variable discharge flow.as In general, joints and other parts can not test the small leaks 
and plastic leaking or burst pipe or large leaks of its � value is generally compared to 1.5. The 
metal pipe may be leaking or burst pipe to detect the � value was 0.5. Figure 3 shows the � value 
relative to the relationship between water pressure and leakage rate,Which the monitoring system 
can execute control the water pressure and quantity in DMA. 

6.The probability of each connecting point to become the burst pipe or a source of pollution is equal, 
but only one connecting point acts at a time as the burst pipe or the source of pollution. The 
methode can find the leakage point of pipes and repaire it immediately. 

 

 
Fig. 2.The leakage of DMA in Bottleneck by Minimum Minnight Flow Method 
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Fig. 3. Leakage(L) is proportional to the water pressure( �H ) 
 
CASE STUDY AND DISCUSSION 
 In order to test the raising reliability in water distribution system.  The in-time management models 
with control DMA Network with monitoring system are built in the Ruey-Fang water supply system 
in New Taipei City.  We adopt the Ruey-Fang DMA network as case study to do the research, 
shown in Figure.4.  Figure.4 is the System hydraulic analysis chart of the Ruey-Fang DMA network 
(maximum hour).  We take the results and the discussion as fellows. 
 
In the case of the Ruey-Fang DMA network 
There are 26 pipelines, 20 nodes, and 2 water intake points. One of intake is water treatment plant; 
the other is the Kung-Liao system support.  The maximum water-consuming amount of the entire 
district is 15,480CMD, and the minimum is 5,710CMD. 
 
Method Description 
The solution solved by the minimum covering method is four monitoring stations and control 
leakage of the Ruey-Fang DMA by the monitoring station control method, as fellow: 
 
calculate velocity and duration. 
Refer to Figure 5 for the monitoring stations.  Use the auxiliary network established by simulation 
model to calculate the flow velocity and duration at each node. 
 
Conduct network analyses  
Comparison between the abnormal conductivity ,Minimum Minnight Flow ,and the reduced water 
pressure measured at each monitoring station with normal operation records of the previous 
conductivity ,Minimum Minnight Flow , and the water pressure in order to estimate the location of 
damaged or burst pipes. 
 
detect the leakage 
 The real time monitoring station transfer the detective data as showed in Figure 5 and Fig.6. We try 
to look for leakage of the Ruey-Fang DMA by MMF control method. Now close the valve tight 
community within the DMA, with only a water if the flow is greater. Which is have leaking pipe 
and then open the local valve of the DMA has suddenly closed intake valve . Than to make negative 
pressure test by the valve-closed of the MMF,we can know increase conductivity in monitoring 
stations, check on the system conductivity of the station can detect the leakage point in the DMA. 
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For the variation of the water quantity, the water pressure, and the conductivity in the node of 
number 17 monitoring station.  We can find the water pressure is lower and conductivity higher 
than normal value and another nodes (show in Figure 6)is correct, so we know this 17 node covers 
district have pipes break down. We get Tc – Tp 0.07hours.  The location of the burst pipe is 
calculated:  Lij = C Vij (Tc – Tp),  Lij 140meter then node15 is normal, so form arc line analysis  
the pipe break down between nodes 10-17 and distances node17 is 140meter. 
 
Reliability increased analysis 
According item’s (4) analysis, The burst pipe repair time form beginning to repair it need one day 
and depend on record analysis that repair time is seven days normally, so it's reliability increase 2 . 

Analysis failure probability  
As showed in Table 1 and Figure 4, that the failure rate for pipes in Ruey-Fang area has a strong 
relationship with pipe diameter. Table 3. is failure probability for Ruey-fang system. 

Promotion reliability 
For the in-time management models with monitoring system and control stations in Ruey-fang 
system, As showed in Table 1 , that the failure rate for pipes in Ruey-Fang the DMA and Fig. 4,Fig. 
6, showed the water flow's path and time diagram of monitoring stations. It’s DMA used the 
network weakness reliability analysis, As showed in Table 1 from 2000 to 2002,That data finds 
diameter 100m/m,150m/m and 200m/m pipes to have the high leakage potential. So renews the 
pipes by DIP and use MMF control method from 2003 until now. Then take Minimum Minnight 
Flow of Ruey-Fang DMA network monitoring station according to whether the control information 
leakage and water according to the past to determine the reasonable water pressure and control 
water pressure within the Ruey-Fang DMA network uniformity. The methode to effectively 
decrease the leakage from 2005 to 2009, As showed in Table 2. 
 
Renew the pipes and management model promote efficiencys analysis  
Form Table 3. is failure probability for Ruey-fang DMA from 2000 2002 to2005 2009 was 
decreased 0.2032,Enhance the reliability was increased 75.82%. So that the management models 
with control DMA Network promote the efficiency reliability was increased Ruey-Fang water 
distribution system. 
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Fig 4.  System hydraulic analysis chart of  Ruey-Fang DMA network(maximum hour) 

 
Fig.5.  Water flow's path and time diagram of monitoring stations in Ruey-Fang DMA network. 
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Fig.6. The real time monitoring of conductivity in Ruey-Fang DMA network street station. 

 
 

 
Table 1 The calculation pipes of break rate form 2000 to 2002 in Ruey-Fang DMA network  

Diameter 
(m/m) 

Pipe length 
(m) 

Breaks 
(From2000 to 
2002, 3 year) 

Break Rate 
(breaks/kilometer/year) 

100 8357 71 2.832 
150 6716 25 1.241 
200 1857 10 1.795 
250 5629 6 0.355 
300 5884 3 0.170 
350 4100 15 1.220 

 
 
 
Table 2 The calculation pipes of break rate form 2005 to 2009 in Ruey-Fang DMA network  

Diameter 
(m/m) 

Pipe length 
(m) 

Breaks 
(From2005 to 
2009, 5 year) 

Break Rate 
(breaks/kilometer/year) 

100 8357 0 0.000 
150 6716 7 0.208 
200 1857 1 0.180 
250 5629 8 0.284 
300 5884 3 0.102 
350 4100 0 0.000 
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Table 3. The failure probability for Ruey-Fang DMA network. 
Pipe 

Number 
Failure Probability Failure Probability 

 

Length 
(rn) 

Diameter 
(mm) 

2000 2002 2005 2009

Pipe 
Number

Length
(rn)

Diameter 
(mm) 

2000 2002 2005 2009
1 320 300 0.0529 0.0321 15 210 100 0.3857 0.0000 

2 520 300 0.0846 0.0517 16 114 100 0.2759 0.0000 

3 1100 300 0.1706 0.1061 17 90 100 0.2250 0.0000 

4 380 300 0.0626 0.0380 18 90 100 0.2250 0.0000 

5 930 200 0.8116 0.1541 19 90 350 0.1040 0.0000 

6 180 250 0.0619 0.0498 20 150 350 0.1672 0.0000 

7 60 200 0.1021 0.0107 21 190 200 0.2890 0.0336 

8 80 150 0.0945 0.0165 22 390 200 0.1034 0.0678 

9 400 250 0.1324 0.1074 23 200 200 0.3016 0.0354 

10 420 250 0.1385 0.1124 24 280 100 0.5475 0.0000 

11 110 200 0.1795 0.0196 25 100 350 0.1149 0.0000 

12 220 200 0.3263 0.0388 26 320 350 0.3189 0.0000 

13 120 200 0.1938 0.0214 Total Length 7194 Weighted average 0.2680         0.0648 

14 130 100 0.3080 0.0000 Increase reliability   75.82% 

 
 
CONCLUSIONS 
 
Setup advanced control model 
The DMA network along with establishment of the monitoring system and the optimal allocation 
can be obtained and proven in this study.  The establishment of the in-time the management model 
with control DMA network can detect the decrease water pressure and abnormal increase of 
conductivity, the water quantity, which evaluate minimun leakage in the water supply distribution 
from the monitoring station and leak positioning system.  It will be increases the reliability of water 
supply system and prevents the pipes to be broken. In addition, the study develops a more advanced 
control model directed towards the reasonable water pressure and quality through the monitoring 
stations deployed within the range of piping arc lines in the water supply system.  
 
Increase the model efficiencys  
Use the model in this research to set up monitoring stations and control center for the maximum 
performance and the minimum cost.  Abnormal status of the water supply system can be revealed 
through measuring and comparing day and night.  In addition, Find the potential leak area pipes 
emergency repair can be conducted to decrease leaking and water supply suspension duration as 
well as to prevent water quality from deteriorating and to provide more reliable water supply to 
users.  In the case of the Ruey-Fang DMA network system which reliability was increased 75.82% 
from 2005 to 2009, the residents in the Ruey-Fang DMA network suffered serious drought and 
experienced water shortage and water rationing 

Benefits both maintenance and management  
The management information system with monitoring system set up by the multi-stage system with 
various selective items can take design requirements for practical engineering into consideration 
completely.  Conducting a case study on the Ruey-Fang DMA network system benefits both 
maintenance and management of the water distribution network.  
 
Applied to designing the monitoring station  
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When the optimized model is applied to designing the monitoring station of a local area water 
distribution network, different flowing directions at various times need to be attended to.  The water 
pressure, the water quantity, and the conductivity amount can be measured in detail by a recorder.  
A direct proportional relationship exists among them, which can be compared with abnormality and 
thus increases stability of water supply relatively.  
 
Increase the customer satisfaction  
This method, which region-wide water distribution center system can linking by the Central Water 
Analysis laboratory, an SCADA &GIS, timely response to the Customer service call center and 
meet development needs of the user in systems. That set up the best water supply control center to 
meet the increasing demand for customer satisfaction after a day.  
 
In the future  
How to reduce the minimum min-night flow(minimum leagate) is another research direction (such 
as reducing tube’s joints, pipe residue, cecal tube, etc.). In the future, Also water works will use 
inside ,outside, resources and combine the arts, humanities with science , the cloud&technology 
resources and ecological concepts to make sustainable development. 
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Abstract 
Climate change caused extreme changes in Taiwan’s hydrological cycle, it  also affect the function 
and safety of water infrastructure and deteriorated water supply stability. Global warming can no 
longer be avoided and the future will face sea level rise, increase intensity of typhoons and 
rainstorms, droughts, the crisis on water supply. Therefore, how to live with climate change wisely 
is an unavoidable challenge for water industries in the world. The purpose of this paper is to 
describe the experienced mitigation and adaptation strategies that Taiwan Water Corporation has 
adopted to cope with climate change. 

Keywords 
adaptation strategies; climate change; global warming;  water supply stability 

INTRODUCTION 

Climate change is now widely recognized as a major environmental challenge facing the world. The 
Intergovernmental Panel for Climate Change (IPCC) of the United Nations Environment 
Programme in its IPCC Fourth Assessment Report: Climate Change 2007(IPCC,2007) projected 
that heavy rains would increase in most regions of the world. And the incidence of strong typhoons 
along with heavy winds and intensified rains could increase in the Northwest Pacific Ocean. On the 
contrary, the number of drought days could increase in Southeast Asia. This forecast implies that 
Taiwan, as it situates in these two weather extremes, will confront with many challenges in the 
future. Growing evidence indicates that climate change deliver many of its impacts through floods, 
droughts, or extreme rainfall events, challenging daily operations and long-term planning. The 
effect of the climate change manifested from difficulties in operations to disrupted services and 
increased cost of the water services.

Taiwan Water Corporation (TWC), a state-owned enterprise that provides 8.5millions m3 of potable 
water in bulk everyday to 6.28 million customers (17.4million citizens) within its operational area 
in Taiwan, exclude Taipei City, has taken adapting strategies to incorporate climate change into 
infrastructure design, capital investment projects, service provision planning, and O&M to reduce 
their vulnerability and increase their resilience to climate change on water supply.  

TAIWAN's GEOGRAPHY and CLIMATE 

Taiwan is located in the Western Pacific between Japan and the Philippines off the southeast coast 
of China(as figure 1 shows). With a total area of about 36,179 km2, Taiwan is 394 km long and 144 
km wide at its widest point. High mountains over 1,000 meters consitute about 31 percent of the 
island's land area; hills and terraces between 100 and 1,000 meters above sea level make up 38 
percent; and alluvial plain below 100 meters in elevation, where most communities, farming 
activities, and industries are concentrated, account for the remaining 31 percent. 
Taiwan's most geographic feature is its 270-kilmoeter central mountain range, which has more than 
200 peaks over 3,000 meters high.  At 3,952 meters, Mount Jade is the highest peak in East Asia.  
Foothills from the central mountain range lead to tablelands and coast plains in the west and south.  
The eastern shoreline is relatively steep, and mountains over 1,000 meters high dominate the island 
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in the north. There are 129 rivers in Taiwan, all of them are short with small drainage basins and 
are steep with rapid flows. Down stream reaches of most rivers are heavily deposited due to poor 
geologic conditions in the watersheds and concentrated rainfall, they are very easy to cause flooding. 

Crossed by the Tropic of Cancer, Taiwan has a subtropical climate with the exception of it's 
extreme southern tip, which is tropical. With an average annual precipitation of 2,500 mm, it 
reaches 3,000 to 5,000 mm in the mountainous regions, rainfall is abundant. However, the 
distribution of water resources is uneven, making the water available for use per capita low. 
Thundershowers and the occasional typhoon bring heavy downpours in the summertime, whereas 
November through February is Taiwan's driest period. 

ADVERSE IMPACTS FROM CLIMATE CHANGE 
The history of water in Taiwan is one of conflict and perseverance. Concerns over the availability, 
quality and distribution of water are not new, but those concerns are growing. Solutions are 
becoming more complex as water managers navigate competing interests to reliably provide quality 
water to farms, businesses, and homes, while managing floods, protecting the environment, and 
complying with legal and regulatory requirements.  
According to report from Taiwan Central Weather Bureau(TCWB) on Statistics of Climate Changes, 
Taiwan has experienced a warming effect that is twice the global average, which has translated to 
higher temperatures, greater rainfall, and more typhoons over the past 30 years. The report shows 
that while global temperatures have risen 0.65 degrees Celsius over the past century, Taiwan has 
seen its temperature go up by 1.4 degrees, as figure 2 shows (Taiwan Central Weather Bureau, 
2009). Over the same period, the number of typhoons that hit Taiwan have also increased from 3.1 
to 3.7 per year, and now these storms have a higher probability of forming in autumn than before. 

Another report released by TCWB cited the decreased number of rainy days and the increased 
number of heavy-rain days as the cause for the need. The number of rainy days has declined by an 
average of 4.1 days every 10 years in the last century; 5.2 days per decade in the last 50 years; and 
6.26 days per decade in the past 30 years. However, despite the significant declines, large changes 
in the annual volume of rain were not observed from the statistics as there were also more heavy-
rain days during typhoon seasons as fig.3 shows(Chen, S.T., Kuo,C.C. & Yu,P.S., 2009). In fact, 
statistics show that the number of days with extreme rainfalls of over 200 mm has risen since 1980. 
In addition to more droughts and floods, statistics also found faster temperature increases in Taiwan. 
Temperature growth, on average, have accelerated from 0.14 degrees Celsius every 10 years in the 
last century to 0.29 degrees every decade in the past 30 years. The number of extremely hot days 

Fig. 1 The location of Taiwan Fig. 2 Annual mean temperature in Taiwan during1900-2006.
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also increased. According to the report, that number on average increased by 1.36 days per decade 
in the past century; 2.06 days per decade in the last 50 years; and 3.96 days per decade in the past 
30 years. The effects of global warming can be easily seen in Taiwan. 

The trends of the last century–especially the increases in hydrological variability–will likely 
intensify this century, and abrupt changes in climate could also occur. The Intergovernmental Panel 
on Climate Change (IPCC) notes that Taiwan may be especially vulnerable to water shortages. 
While the existing system has some capacity to cope with climate variability, extreme weather 
events resulting in increased droughts and floods will strain that capacity to meet future needs. 
Taiwan has invested in, and now depends upon, a system that relied on historical hydrology as a 
guide to the future for water supply. However, due to climate change, the hydrology of the past is 
no longer a reliable guide to the future. 
Floods 
Typhoon and extreme precipitation cause flooding. The amount of precipitation is critical for water 
supply and environmental needs, but so is the timing of precipitation runoff into rivers and streams. 
Most of the precipitation in Taiwan concentrates in the Typhoon season (June, July and August).
There were 426 typhoons and more than one thousand storms occurred in 1897-2010, those were 
most severe natural disasters in Taiwan. For those typhoons resulting in severe disasters, the 
intensity of precipitation is the primary cause of disaster. Figure 4 is the statistic of top 30 typhoons 
with extreme precipitation, which are identified based on the precipitation of the 198 typhoons 
striking Taiwan in 1970-2009, there is an increasing trend in the frequency of typhoon with extreme 
precipitation caused by climate change(Taiwan EPA, 2009). The maximum one hour precipitation 
reaches 300 mm and the maximum one day precipitation reaches l,748 mm which is 93.4% of the 
world record (1 ,870mm). In average, there are 3.7 typhoons touched down every year and caused 
up to US$ 520Million nationwide, equals approximately 0.33 percent of GDP. 
High frequency flood events in particular will likely increase with a changing climate. Along with 
extreme precipitation, scientists project greater storm intensity, resulting in more direct runoff and 
flooding. As streamflows and velocities change, erosion patterns will also change, altering channel 
shapes and depths, possibly increasing sediment loads behind dams, decreasing the capacity of 
reservoir storage and increasing water quality impacts of extremely high turbidity.  

Fig. 3 The Changing Seasonal Distribution of 
Rainfall over Taiwan in 1970-2009

Fig. 4 Frequency of extreme typhoon rainfall over 
Taiwan in 1970-2009

Drought
Warming temperatures, combined with changes in rainfall and runoff patterns will exacerbate the 
frequency and intensity of droughts. Regions that rely heavily upon surface water (rivers, streams, 
and lakes) could be particularly affected as runoff becomes more variable, and more demand is 
placed on groundwater. Combined with urbanization expanding into wildlands, climate change will 
further stress the country’s forests, making them more vulnerable to pests, disease and changes in 
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species composition. Along with drier soils, forests will experience more frequent and intense dead 
trees, resulting in subsequent changes in vegetation, and eventually a reduction in the water supply 
and storage capacity benefits of a healthy forest. Climate change will also affect water demand. 
Warmer temperatures will likely increase evapotranspiration rates and extend growing seasons, 
thereby increasing the amount of water that is needed for the irrigation of many crops, urban 
landscaping and environmental water needs. Reduced soil moisture and surface flows will 
disproportionately affect the environment and other water users that rely only on annual rainfall 
such as non-irrigated agriculture, livestock grazing on non- irrigated rangeland and recreation. 

Water quality 
Changes in the timing of river flows and warming atmospheric temperatures may affect water 
quality and water uses in many different ways. At one extreme, flood peaks may cause more erosion, 
resulting in extreme high turbidity and concentrated pulses of pollutants. This will challenge water 
treatment plant operations to produce safe drinking water, also the stability of water supply. 
Flooding can also threaten the integrity of water works infrastructure. At the other extreme, lower 
streamflow may result in greater concentration of contaminants and lead to eutrophication may 
causes excessive algal bloom in surface water bodies(rivers, streams, lakes and reservoirs) and 
serious deterioration of water quantity. These changes in streamflow timing may require new 
approaches to discharge permitting and non-point source pollution control. Higher water 
temperatures can also accelerate some biological and chemical processes, increasing growth of 
algae and microorganisms, the depletion of dissolved oxygen, and various impacts to water 
treatment processes.  

TWC’s CLIMATE CHANGE ADAPTATION STRATEGIES 

Taiwan’s water supply systems have provided the foundation for the country’s economic vitality for 
more than 100 years, providing water supply, sanitation, recreation and economic development. 
With water resources already stressed, additional stress from climate change will only intensify the 
competition for clean, reliable water supplies. While doing its part to reduce greenhouse gas 
emissions and expand the use of clean energy sources, Taiwan’s water community must concentrate 
on adaptation strategies to respond to the anticipated changes. As understanding of climate change 
improves, the challenge for Taiwan Water Corporation is to develop and implement strategies that 
improve resiliency, reduce risk, and increase sustainability for water management systems and the 
ecosystems upon which they depend. 
Mitigation Strategies 

The mitigation strategies to climate change, or the reduction of greenhouse gas emissions that 
contribute to our changing climate, has received more international attention to date than adaptation. 
On a global scale, greenhouse gas emissions must be reduced to slow the effects of warming and 
climate change. In an attempt to ensure sustainability of water resource in Taiwan, the key elements 
of TWC mitigation strategies  include following: 

1.Advocating rational reallocation of water among users, especially with regard on revision of 
quotas for agriculture: Annual agricultural output in Taiwan is about US$11.8 billion, or 1.5% 
of GDP, but annual quotas for agriculture is about 12.6 billion m3, or 71.07% of total water 
consumption. It is needed to allocate existing water resources effectively on the basis of social 
aspects and public-supply water demand. 

2.Suggesting to set higher water rates during periods of drought to force conservation: Water 
conservation-oriented rates are an increasingly vital tool for promoting water conservation and 
mitigating urban drought. It has been proved that drought demand rates can produce with minimal 
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regulation the quadruple objectives: improving efficiency; providing revenue neutrality; assuring 
distributional equity and guaranteeing the conservation of water. Conservation rates has been 
considered as the best ‘new’ source of urban water during drought. 

3.Advocating water conservation: As the drought crisis has become a significant issue in Taiwan, 
TWC needs to strengthen efforts to promote water conservation among customers, encourage 
people to use water-saving equipment (e.g., low flush, taps, tap plugs, water-saving basin/toilets, 
and washing machines.), and carry out frequent inspections on water-related equipment so that the 
amount of leakage will be reduced. Water-saving plugs were distributed to customers for free in 
the water restriction cities, which is more likely to face water shortage, in order to help water users 
conserve water and maintain the stability of the water supply during water shortage periods 

4.Strengthen measures to fix the leaking pipelines: The total length of TWC’s pipeline network is 
about 57,210 km was suffering from severe leakage. As climate variability caused droughts in 
recent years triggered TWC to take serious look at the leakage, which was as high as 24.6% in 
2003. In order to control water leakage, TWC has developed five measures: organize leakage 
control teams, develop basic GIS pipeline network information, divides service area into 
thousands of DMAs to identifies water leak and then implement measures(e.g., leakage detection 
& repairing, pipeline renovation) to improve leakage. Through various active leakage control 
measures, including pressure management, efficiency and quality enhancement of leak repair work, 
the leakage rate has reduced from 24.6% in 2003 to 20.51% in 2010. TWC is planning to lower 
the leakage rate to 16% by 2016, through its 54 Billion NTD pipeline renovation project. It is 
estimated that around one-third of the pipelines(17707 km) in the country, need renovation, as 
well as reduce carbon dioxide emissions by about 27,060 t CO2 annually. 

5.Eenergy saving and carbon reduction measures: Central government issued Sustainable 
Energy Policy Convention in Jun 2008 which stated in 2025, the expected effect of CO2 emissions 
can be back in 2000’s level. TWC follows the policy to implement several measures to reduce CO2
emissions: (1) Construction Terms: full life cycle, apply recycled materials, reduce fossil 
materials, promote low-carbon materials, introduce green materials; (2) Water treatment terms: 
operate by gravity, introduce green energy(e.g., solar power and LED lightening application); (3) 
Office terms: avoid business suit/tie, no air conditioner if temp.lower than 28�, Off lights in 
lunch time, introduce auto light control to save energy.

Adaptation Strategies 
The climate change adaptation strategies for TWC fall under four major categories: Preparedness, 
Investment, Response, and Improving Management and Decision-Making Capacity.(Taiwan Water 
Corporation, 2011) 
1.Preparedness: In order to strengthen the existing disaster response system to ensure the water 

supply stability of the consumers. It is needed to formulate TWC’s Emergency Response 
Management System to assist in adapting to climate change. The system includes following: 
(1)Emergency Response Plan, (2) Emergency Management Team, (3) Standard Operating 
Procedure(SOP) for Emergency Management, (4) Practice Codes or Operating Guidelines on 
Crisis and Emergency Management, (5) Disaster Prevention & Response Operating Information 
System, (6) Water Use Restrictions During Drought and Water Shortage, (7) Annual Emergency 
Response Exercise and Training. 

2.Investment: Adaptive responses to climate change will not come without a cost. Climate change 
magnifies the problems that exist with an aging water infrastructure and presents an ongoing risk 
that requires a long-term financing for safe and reliable water supply to consumers. Activities 
include: (1)Regional water planning, inspection, maintenance, repair, and rehabilitation of water 
supply systems and complete the redundant water planning for every water district in order to 
increase the regional water supply capacity of the security and redundancy to ensure the 
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emergency water supply during typhoons and droughts seasons, (2) In response to the inadequate 
capacity of public water supply reservoir due to serious flood sediments, it is needed to develop 
sustainable reservoir sediments management methods and reservoir conservation plans, (3)To deal 
with the shock loading in raw water turbidity during flood seasons, the treatment plants that are 
vulnerable to treat high turbidity water needed to build additional pre-settling tanks or emergency 
intakes on top of  reservoir to intake low turbidity water , (4) Develop alternative source for low 
turbidity waters or backup groundwater. 

3.Response: (1) After Taiwan authorities issued sea warning as typhoon approaches or an alert of 
an impending drought in the coming few months, TWC will set up teams to prepare for 
emergencies and standby to manage any possible disaster,(2) During flood seasons, TWC adopted 
the combined treatment process, that is, the raw water was first coagulated and settled in a pre-
sedimentation tank, afterwards, its effluent was coagulated again and clarified in the clarifiers. The 
resulting water that was relatively stable to the shock load in raw water turbidity,(3) Practice and 
promote integrated operation of multi-source water supply. The operation of water systems is 
taking into account the principal planning objectives that include satisfying demand, delivering 
water of appropriate quality, prompting the use of emergency sources and reducing operating costs 
Is not included. 
4.Improving Management and Decision-Making Capacity: Determining the impacts of climate 
change on the varying regions in Taiwan requires that data about our environment be collected and 
analyzed in a consistent and comprehensive way. Analysis of past records, current conditions, and 
trends can help provide a forecast for weather, climate, supply, and flooding variables. Strategic 
investment is needed in data analysis and archiving, and forecast tools that can support operational 
and policy decisions. Activities include: (1) Long-term weather risk analysis and archiving is 
outsourced to Specialist firm(e.g, Weather Risk Explore Inc.)  (2)water-related climate change 
adaptation research. 

CONCLUSIONS 
Climate change is already affecting Taiwan’s water resources. Bold steps must be taken to reduce 
greenhouse gas emissions. However, even if emissions ended today, the accumulation of existing 
greenhouse gases will continue to impact climate for years to come. Warmer temperatures, altered 
patterns of precipitation and runoff, and rising sea levels are increasingly compromising the ability 
to effectively manage water supplies and floods.  
We have known that historic hydrologic patterns can no longer be solely relied upon to forecast the 
water future; precipitation and runoff patterns are changing, increasing the uncertainty for water 
supply and quality; significant and ongoing investments must be made in monitoring, researching, 
and understanding the connection between a changing climate, water resources and the environment; 
Extreme climatic events will become more frequent, necessitating improvements in drought 
preparedness and emergency response; impacts and vulnerability will vary by region, as will the 
resources available to respond to climate change, necessitating regional solutions to adaptation; and 
an array of adaptive water supply strategies, such as those outlined in this paper, must be 
implemented to better address the risk and uncertainty of changing climate patterns. 

Adapting Taiwan’s water supply systems in response to climate change presents one of the most 
significant challenges of this century.
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Abstract 

Global warming refers to changes in rainfall patterns.  Extreme rainfall and its uneven distribution 

of rainfall is affecting stability of water supply in Taiwan by causing drought or flood conditions.  

With the geological structure of an island, most rivers in Taiwan are short and steep.  Thus, it is a 

challenging task to maintain a constant reserve in the reservoirs across the island.  Besides, raw 

water quality in Taiwan has deteriorated significantly ever since the renowned 921 earthquake, 

making water treatment much more difficult.  The water suppliers in Taiwan are dedicated to 

ensuring a reliable supply of healthy, clean drinking water now and into the future.  To do this, the 

water utilities must continue to protect its existing water supply sources and infrastructure and 

implement a number of currently planned water system improvements.  This paper would give an 

insight of the Taiwan water utilities management strategies, which would help improves the water 

utilization and achieving the sustainable water resource management. 

Keywords 

Taiwan Water Supply, Taipei Water Department, Taiwan Water Corporation 

TAIWAN
Geography
Taiwan (Figure 1), is located east of the Taiwan Strait, off the southeastern coast of mainland China.  
Separated from the Asian continent by the 180-kilometre-wide Taiwan Strait, the main island is 394 
kilometres long and 144 kilometers wide, and has an area of 35,801 km2.  The population was 
estimated in April 2011 at 23,061,689, making it the twelfth most densely populated country in the 
world with a population density of 668/km2.
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Topography
The island is long and narrow with the Central Mountain Range in the middle.  The mountainous 
area with elevation higher than 1,000m occupies 32% of the island, and hills and plateaus of 100m 
to 1,000m cover 31% of the island.  Taiwan's highest point is Jade Mountain at 3,952 meters. 

Fig. 1  Map of Taiwan Source: the World Factbook, CIA) 

Geology
Most of the mountain regions in Taiwan are sedimentary and metamorphic rocks which are fragile 
and highly weathered.  Severe erosion occurs due to intensive rainfall and rapid flows, the erosion 
is even worsen by frequent earthquakes and severely affects the stability of hillsides. 

Climate
Taiwan's climate is marine tropical.  The northern part of the island has a rainy season that lasts 
from January through late March during the northeast monsoon, and experiences meiyu in May.  
The middle and southern parts do not have an extended monsoon season during the winter months. 

Natural Hazards 
Besides an average of 3 to 5 typhoons strike Taiwan annually, natural hazards such as earthquakes 
are common as well in the region.  The major seismic faults in Taiwan correspond to the various 
suture zones between the various terrains.  These have produced major quakes throughout the 
history of the island.  The seismic hazard map for Taiwan by the USGS shows 9/10 of the island as 
the highest rating.  On September 21, 1999, a 7.3 quake known as the "921 earthquake" occurred. 
Due to the fragile geological conditions and steep terrain of the mountain area, Taiwan is prone to 
the debris flow and slope hazards caused by typhoons, severe rain falls, and earthquakes, which 
often cause human lives and induced severe damages to properties. 
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WATER SUPPLY IN TAIWAN 
History 
Taiwan established its first public water works more than 120 years ago, while tap water systems 
here date back 112 years.  In 1885 the provincial governor under the Qing Dynasty, Liu 
Ming-chuan, had Taiwan's first public water works system built in northern Taiwan, drilling wells 
and installing filtration and purification systems to improve the quality of drinking water.  After 
the Japanese took over the island in 1895, the Danish engineer E. Hanson conducted a survey and 
identified four locations of water sources.  William K. Burton, a British sanitation engineer soon 
thereafter spent 32 months overseeing the construction of a water supply system.  Completion of 
this system in 1899 marked the birth of Taiwan's first tap water plant.  A settlement and filtration 
facility was then built in Keelung in 1902, and in 1907 the Taipei Tap Water Plant was completed. 
To make integrated use of resources, 128 waterworks scattered throughout Taiwan were merged on 
January 1st, 1974 into Taiwan Water Corporation (TWC).  Then on January 1st, 1977 Taipei Water 
Department (TWD) was established.  TWD now delivers over 2.6 million tons of water per day, 
while TWC delivers 8.6 million tons, for a combined daily total of more than 11.2 million tons.  
Water supply coverage nationally now stands at 95.1%. 

Environment
Global warming refers to changes in rainfall patterns.  Extreme rainfall and its uneven distribution 
of rainfall is affecting stability of water supply in Taiwan by causing drought or flood conditions.  
With the geological structure of an island, most rivers in Taiwan are short and steep.  Thus, it is a 
challenging task to maintain a constant reserve in the reservoirs across the island.  It is widely 
known that Taiwan is prone to earthquake.  Damage below the ground surface caused by 
earthquakes usually is just as devastating as the structural damage above the surface.  As shown in 
Fig. 2, a 2,600mm pipe was damaged in the 921 earthquake.  Besides, raw water quality in Taiwan 
has deteriorated significantly ever since the 921 earthquake, making water treatment much more 
difficult.  Water suppliers in Taiwan are dedicated to ensuring a reliable supply of healthy, clean 
drinking water now and into the future.  To do this, the water utilities must continue protecting its 
water sources and infrastructure and implement currently planned water system improvements. 

Fig. 2  Damage to a 2600 mm Pipe in the 921 Chi-Chi earthquake 
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Water Utilities in Taiwan 
Two systems take care of the daily water supply for the entire Taiwan area; one is for the Taipei 
metropolitan area and the other is for the rest of Taiwan. 

Taipei Water Department 
As a public utility operator under the Taipei Municipal Government’s jurisdiction, TWD now 
supplies 2.6 million tons of potable water a day to over 3.8 million users in the Taipei metropolis. 

Service Area 
The service area of TWD, which include Taipei City and neighboring cities and towns, covers an 
area of 434 square kilometers. 

Characteristics
Xindian River, the only natural surface water resource of TWD, provides 97% of TWD's raw water.  
With only one single water resource, the Taipei metropolis is not only vulnerable to drought in low 
water periods with unbalanced rainfall input, but also bears the risk of water shortage in high water 
periods.  The reason for the latter is that the watershed of Xindian River is located in a 
mountainous area with steep slopes, and typhoon or rainstorm events usually generate a great 
amount of silt, which causes the raw water turbidity to increase suddenly from less than 10 NTU to 
as high as 1,000s or even more than 10,000 NTU. 
TWD built 5 purification facilities at the Zhitan purification plant between 1984 and 2004.  With a 
total capacity of 2.7 million tons per day, which accounts for 71.37% of the total output capacity, 
the Zhitan purification plant was the largest purification plant in south-east Asia until 2008. 

Taiwan Water Corporation 
TWC was set up in 1974.  As a public utility operator under the Ministry of Economic Affairs, 
TWC now supplies 9 million CMD of drinking water to over 18 million users.  Raw water of 
Taiwan mostly comes from seasonal rainfalls over the central ridge mountain area and is recovered 
by pumping it from dams, reservoirs, rivers and deep wells.  After treatment and storage, the fresh 
water is fed to the widely spread cities through long-distance aqueducts and pipelines.  Currently, 
TWC operates and maintains more than 55,000 kilometers of water lines: main aqueducts. 

Service Area 
The service area of TWC covers the Penghu islands and the whole Taiwan Island except the area 
serviced by TWD. 

Characteristic
TWC has 128 waterworks in total scattered all over Taiwan.  Unlike TWD with only one water 
source, TWC has all kinds of water sources, such as rivers, lakes, reservoirs, ground water and 
desalination as well.  The water quality of raw water varies from source to source.  The rivers in 
Taiwan have the steepest slope, the largest discharge per unit drainage area, and the shortest flood 
peaking time in the world.  Extreme rainfall and its uneven distribution is affecting stability of 
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water supply in Taiwan by causing drought or flood conditions.  In most cases, reservoirs and 
ponds can often dampen the impact of increased turbidity events by acting as points in a stream or 
river where particles can settle before being drawn into the intake of a treatment plant.  However 
under flood conditions, turbidity of the raw water from reservoirs or ponds sometimes can soar up 
to 30,000 NTU and even more.  Nevertheless, this high turbidity raw water is to be treated for 
water supply.  With all these unfavourable natural conditions, stability of water supply measures 
becomes the foundation of steady growth of this country. 

WATER SUPPLY OPERATION AND MANAGEMENT 
TWD
Water Shortage 
The Xindian River watershed had long been well protected, and the raw water has always 
maintained a high standard of quality.  However, due to occasional water supply shortages in 
summer months, the Xindian River could no longer be regarded as a reliable water resource for the 
Taipei metropolis.  For example, a drought occurred in 1980 that forced Taipei City to carry out a 
rotational water supply measure for one month.  Thus, to solve the problem once and for all Taipei 
City Government built the Feitsui reservoir in 1987, which has a storage capacity of over 400 
million cubic meters.  The sole purpose of this reservoir is to provide drinking water.  When most 
of us considered weather conditions no longer a problem to the daily water supply for Taipei, in 
2002, the most serious drought in 22 years occurred in northern Taiwan and lasted for four months. 

Non-Revenue Water (NRW) Reduction 
In retrospect, the history of water supply infrastructure construction in Taipei metropolis reveals the 
problem.  In past 2 decades, in order to satisfy the increasing water demand of the rapid economic 
and urbanized development, TWD had focused on the expansion of water supply facilities.  
Therefore, the quality of pipeline construction was usually ignored, which resulted in high leakage 
rates.  The situation made the effective use of water resources the focal point of Taipei City 
Government.  It also forced TWD to plan long-term action solutions: overall promotion of network 
replacement; strengthening the reserve capacity and backup system; and the promotion of a 
sustainable water supply.  Among these three challenges, the most difficult one is reduction of 
NRW tackled through a long-term network improvement plan, which aims at boosting the 
utilization rate of water resources.  Starting 2003, 1% NRW reduction per year is expected. 

Pipeline Network Improvement 
Affected by climate variation, the rainfall has become very unstable.  In addition, the rising 
awareness of Environmental protection has made development of new water resources even more 
difficult, thus the reduction of NRW has become the measure that TWD should be executing.  In 
Tokyo, Japan for example, over 20 years, 3800 zoned pipeline networks were established to 
facilitate the implementation of leaking prevention measures, and it has achieved outstanding 
results.  Thus, TWD recognized that the leakage prevention plan is a long-term task and its goal 
cannot and should not be reached in one step.  As a result, TWD took the time to study the 
successful experience of long-term leakage prevention by the Bureau of Waterworks of Tokyo 
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Metropolitan Government and design a 20-year long-term pipeline network improvement plan 
which conforms to the demands and characteristics of Taipei metropolis. 
In 2003, TWD decided to adopt the District Metered Area (DMA) method, a zoning and metering 
approach which is widely used by many public utilities to facilitate the implementation of leakage 
prevention measures, then divided its service area into 850-900 DMAs after finding that most 
DMAs which had been tried showed satisfactory results.  In particular, TWD carried out the 
evaluation of the leaking situation of those DMAs it chose by metering the water sold in each DMA, 
then replacing any aged and leaking mains with DIP throughout the weak areas of the network in 
each DMA, and replacing service pipes with SSP.  TWD also adopted various active leakage 
control measures, including pressure management, efficiency and quality enhancement of leak 
repair work, all aiming to increase the benefits of leakage improvement. 
From 2003 to 2025, US$ 800 million will be invested in improvement of pipeline network for 
reducing leakage rate by 1% per year.  From 2003 to 2008, TWD established more than 400 
DMAs.  In terms of the implementation of the long-term network improvement plan, the annual 
pipeline replacement rate has increased from 1.6% to 2.6%, which is well above the standard of 
1.5% suggested by the International Water Association (IWA).  Since 2008, TWD's distributed 
water quantity has been reduced by 200,000 CMD, and the leakage rate has also been reduced from 
28.43% in 2003 to 23.61% in 2008, and is expected to reach 10% by 2025.

TWC
Advanced Water Treatment 
Faced with a small land area and an enormous human population, most usable land in Taiwan is 
subject to intensive development.  Many water source areas are therefore exposed to household, 
agricultural and industrial waste, which is most obvious in southern Taiwan.  Kaohsiung, the 
second largest city of the country and the largest city in southern Taiwan, once had as many as 
600,000 pigs raised within its water source areas.  Effluent from pig farms seriously polluted these 
water sources and forced water purification plants to use large quantities of chlorinated 
decontamination agents.  The populace has since lost confidence in tap water and began 
purchasing bottled water.  Therefore, in recent years Taiwan EPA has integrated related competent 
authorities to carry out a series of measures to reduce pollution of water sources and improve 
drinking water quality. 
As drinking water standards become more stringent, existing water treatment facilities are not able 
to keep up with the new standards.  TWC must allocate a massive budget to enhance and upgrade 
its water treatment abilities so as to fulfil relevant regulations. 
Three advanced water treatment plant projects have been in progress, including Fengshan 
Rehabilitate-Operate-Transfer (ROT) project, with ozonation and activated carbon; Tanting 
Build-Operate-Transfer (BOT) project, with membrane filtration; and Chengching Lake BOT 
project, with crystallization softening and ozone-activated carbon treatment. 
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Desalination 
Due to lack of water resources, desalination has become the solution to water supply stability in 
Penghu islands, where the population is 93,300. There are four desalination plant BTO 
(Build-Transfer-Operation) projects in progress, among which Magong-1 (5,500 ton/day) and Siyu 
(750 ton/day) desalination plants have been completed in 2009.  Total investment of these two 
projects is NT650 million (USD19.7 million) and NT165 million (USD5 million) respectively.  
Magong-2 (4,000 ton/day) and Gibay (500 ton/ day) desalination plants are in the stage of 
feasibility study and will be fully completed in 2012 and 2014 respectively. 

Over-Age Pipe Replacement 
When TWC was established in 1974, Taiwan's tap water penetration rate was only 42%, far behind 
developed countries.  At the time, low-priced pipes were used in order to rapidly boost the tap 
water penetration rate on a limited budget. 
Currently, PVC is the most widely used water pipe material, accounting for 65% of existing pipes.  
Tap water pipes have been severely damaged since economy grade pipes have lower durability and 
suffer chronic effects from other adverse factors such as natural disasters and vehicle pressure.  
Also, water rates have been frozen for a long time, resulting in financial difficulty for TWC.  Since 
a pipe replacement budget had been lacking for years, the ratio of pipes that are over-age has 
reached 30%.  Furthermore, TWC's average annual pipe replacement rate has been only 0.88% 
over the past 15 years, much lower than the recommended standard of not less than 1.5% advised 
by the International Water Association (IWA).  To improve the poor performance distribution 
network, TWC expects to spend 1.6 billion USD in the next 6 years. 

Water Rate 
The water rate in Taiwan has not been changed since 1994.  Whether the rate should rise to reflect 
true cost of water supply needs a rational discussion.  According to the latest “International 
Statistics for Water Service” released by the International Water Association (IWA) in September, 
2010, among 29 countries in the world, the average water price of Taiwan Water Corporation, which 
is 0.33 USD, ranks No. 27, only 22.6 percent of the 29 countries’ average price, which is 1.46 USD.  
During the period of 1998 to 2007, the GDP increased from 12,679 USD to 16,792 USD, and 
family expenditure rose from 646 thousand NT up to 716 thousand NT on the average in Taiwan, 
whereas the water expenditure of the total family expenditure was estimated to decrease to 0.30 
percent from 0.34 percent, which is much less than the guideline recommended by the WHO. 

OUTLOOK
Enhancing Reserve and Back-up Capacity
With only one single water resource, the Taipei metropolis is not only vulnerable to drought in low 
water periods with uneven rainfall input, but also bears the risk of water shortage in high water 
periods.  Compared with advanced countries like Europe, USA and Japan that frequently build at 
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least 50% reserve capacity for their purification plants; Taiwan's purification plants have only a 
15% reserve capacity in total, and commonly with only one raw water transmission mains in service.  
This means the utilities are not well-equipped to deal with an unexpected typhoon or rainstorm. 
Therefore, the measures, including building underground distribution reservoirs and Regional water 
supply backup systems, to enhance reserve and back-up capacity can not be over-emphasized. 

Green Water Supply 
The water utilities in Taiwan are trying to promote green water supply, in the following ways: 
Green production: Since 2006 TWD has made efforts in every aspect, including treatment process, 
distribution, lighting, air conditioning, etc., to reduce energy consumption in water supply.  The 
CO2 emission per ton of water production has been successfully decreased from 0.107 kg in 2007 to 
0.097 kg in 2009. 
Green service: There is not only 24/7 call centre services available, but customers can also pay their 
water bills and fill out many other application forms concerning water supply on website.  There 
are also various channels available through which customers can pay their bills, such as banks, 
convenience stores, ATMs and cell phones.  All application or request by customers can be made 
through telephone and internet, with which e-bill is promoted with NT$3 rebate for each bill.  
Non-counter service payment ratio has reached 97.02% and payment through convenient store has 
reached 44.3%. 
Green responsibility: the utilities help to develop an awareness of environmental protection in 
every corner of our society, in the hope that water saving becomes a good habit of everyone.  Both 
TWD and TWC have promoted a household water conservation program, in which million 
households have received or will receive a water conservation kit for free.  Besides, to promote 
green energy, since 2003 TWD has been installing solar power panels over the sedimentation tanks 
in one of the treatment plants. 
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