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Defining Subsurface Environmental Issues: An Attempt at DPSIR Model Application 
Shinji KANEKO, Graduate School for International Cooperation and Development,  

Hiroshima University 

DPSIR

 

To discuss the multiple subsurface environmental issues in cities as a relatively new topic in the field 
of environmental policy research, it is necessary to have a holistic picture of the issues including the 
basic characteristics and conception of causal structures at the minimum. Considering a large number 
of experts from diversified fields are involved in the project, it is a good opportunity to collectively 
challenge ourselves into having our own definition of subsurface urban environmental issues. With 
this in mind, the socioeconomic group conducts the following three activities in order to facilitate 
and synthesize the discussions among the members of the project. First, we try to classify the typical 
and major subsurface environmental issues such as land subsidence, soil and groundwater pollution 
and subsurface temperature anomaly in two dimensional criteria. One is the media consisting of three 
spheres of subsurface atmosphere, subsurface water, and subsurface soil, and the other is the type of 
environmental changes consisting of physical, chemical and biological ones. The second activity is to 
describe the casuality of each issue using the DPSIR model, and lastly, for further elaboration of the 
above results, a questionnaire is proposed as a tool to efficiently collect experts’ knowledge and 
intuitive judgment of causal relations of the respective issues.



DPSIR

Defining Subsurface Environmental Issues: 
An Attempt at DPSIR Model Application

DPSIR?

• DPSIR is a general framework for organizing 
information about state and causal relation of 
the environment. The idea of the framework was 
however originally derived from social studies 
and only then widely applied internationally, in 
particular for organizing systems of indicators in 
the context of environment and, later, 
sustainable development (Cities Environment 
Reports on the Internet, CEROI).

DPSIR

• Driving forces of environmental change (e.g. 
industrial production) 

• Pressures on the environment (e.g. discharges of 
waste water) 

• State of the environment (e.g. water quality in rivers 
and lakes) 

• Impacts on population, economy, ecosystems (e.g. 
water unsuitable for drinking) 

• Response of the society (e.g. watershed protection)

DPSIR Framework
- further improved by EEA (2000) to provide a more comprehensive approach 

to analyze environmental problems

Drivers
e.g. urban/ 

Industrial activities,
Waste disposal

Pressure
leakage of heavy

metals,
contaminants

Impact
e.g. reduction of  
biodiversity and

function; health risk

State
e.g. groundwater

quality

Response
e.g. reduce/ forbid
Waste disposal;

Environmental policy

Fig. 1. Example of DPSIR model on groundwater quality analysis
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Table 1. Impact on GW quality from various sources of urban aquifer recharge
(UNEP, 2003)

B            boron
Cl chloride and salinity
DOC      dissolved organic carbon
FC         faecal coliforms
HC        hydrocarbon (fuels, oils and grease
N         Nitrogen compounds (nitrate or ammonium)
SO4 sulphate

N, B, Cl, FC, SO4, DOC, diverse 
industrial chemicals

Seepage from canals and 
rivers

N, Cl, FC, HC, DOC, diverse industrial 
chemicals

Pluvial drainage from surface

N, B, Cl, FC, SO4, diverse industrial 
chemicals

Leaking sewers

HC, diverse industrial chemicals, N, B, 
Cl, FC, DOC

On-site disposal/ leakage of 
industrial waste water

N,B, Cl, FC, DOCOn-site sanitation systems

Pollutants/ Pollution indicatorsRecharge source
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Material Flow due to Food Consumption in Households Sector of Asian Mega-cities 
Toru Matsumoto and Yonghai Xue, The University of Kitakyushu 

MFA 23 1995-2004

Abstract: 
As a part of a project which aimed to evaluate the relationships between the developmental stage 

of cities and various environmental problems including subsurface environment, the objective of this 
research is to analyze the influence of long-term changes by life style and waste (solid waste and 
wastewater) management to the nitrogen flow in mega-cities. Two mega-cities (Tokyo and Taipei) 
were chosen for the case study. They are all mega-cities at coastal area but in different economic 
development stage and suffered or are suffering severe problems on sanitation and solid waste 
management. Material Flow Analysis (MFA) is defined as a systematic assessment of the flows and 
stocks of material within a system defined in space and time. 

The result shows the difference in the two cities, as a well developed city, Tokyo has complicated 
solid waste and wastewater management system, the nitrogen flow are relative stable in the ten years, 
only with slightly decrease in nitrogen output from solid waste disposal facilities, the reason lies on 
increase of solid waste recycling activities, like use of household disposer etc. On the contrast, with 
the increase of sewage water disposal rate, the emission of nitrogen from wastewater into surface 
water decrease sharply in the same period, and nitrogen output from solid waste decreased quickly 
too, while promoting of separated waste collection, recycling of kitchen waste as compost or pig 
feeding stuff.
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Urban land use and cover change 
Hiroki TANIKAWA, Wakayama University 

The construction material are stocked as structures during its lifespan, but the 
structure aged, demolished materials are recycled or landfilled.  These Out-Flow 
are caused by 2 reasons: 1) Structure aging; structure itself can not be using  by 
reduction of strength, 2) Social reason, such as re-development of city center, 
structure itself can use but not suitable for social needs.  So it is important to 
estimate the lifespan of structure considering with regional specification.  
Historical GIS database based on the aerial photos and some map source is 
developed for this study.  Historical GIS database can identify age and scale of 
structure, so it helps to quantify pattern of metabolism of the city This study clarify 
the method of estimate lifespan using historical GIS database. 
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Discussion about Social-Economic Research Framework by Reviewing the Studies of 

Sustainable Development in Taiwan 

Junyi Zhang

Graduate School for International Development and Cooperation, Hiroshima University

To analyze “human impacts on urban subsurface environments” from social-economic 

perspective, it is important to establish an operational framework, which largely depends on 

data availability. Here, this study attempts to discuss the implications of the studies about 

sustainable development conducted in Taiwan, one of the targeted cities in this research 

project. Research review is first given, including the development process and institutional 

influence of Taiwan sustainable development indicators systems, development of 

environmental sustainability indicators, and assessment of ecosystem health, economic 

indicators, social discourse on sustainable Taiwan indicators system, institutional response 

indicators, urban sustainability indicators, and water poverty indicators



18 2006.11.27

1972: Conference on Human Environment
1980s:
1992: United Nations Conference on Environment and 
Development: UNCED
1990s
1995: The Commission on Sustainable Development: CSD
1998: Vision and 
Strategic Study of Sustainable Taiwan Core Project: Sustainable 
Taiwan 2011, Assessment System of Sustainable Taiwan, and 
Information System of Sustainable Taiwan
2002: Vision and Strategic of Sustainable Taiwan
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Island Taiwan:Island Taiwan:

Industrial water consumption 
/ Industrial production value

(m3 / 100 million NTD) 

[Numbers of reservoirs with the Carlson 
Trophic Status Index less than 50 / Numbers 
of total monitoring reservoirs] x 100% 

{[(Amount of compost)+(Amount of resource 
recovery)]/ (Amount of refuse solid 
waste)+(The amount of resource recovery)} 
x 100% 

Total effective water storage capacity of 
reservoir / number of reservoir 

Households of wastewater treatment / 
national unit households (households = 
national population / average no. of 
persons per household, which stands at 
four at present) 

1995 20
�
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DPSIR framework developed by OECDDPSIR framework developed by OECD

Pressures

Responses

Impact

State

Driving
Forces

Economic growth

Increase in SO2 Emission

Environmental
Concerns

Increase in mortality rate

Efforts toward sustainable growth

Law and regulation (government)
Legal action (citizen)
Abatement technology (firms)

Developing green space (government)
Voluntary plantation (citizen)

DPSIRDPSIR

Normal environmental state 

Other actor systems Resource scarcity 

Environmental variety Environmental change 

Environmental variability 

Existence 

Coexistence Effectiveness 

Adaptability Freedom 

Security

Properties of system environments
Basic orientors of systems

Orientation theory

(e.g., living environment)

(e.g., money, water, food)

(e.g., various neighbors, shops)

(e.g., residential, job and family mobility)

(e.g., employers, 
neighbors, other 
drivers in traffic)

Orientor

SDSD && SEMSEM

SEM: Structural Equation SEM: Structural Equation 
Model with LatentModel with Latent
VariablesVariables

SD: System Dynamics SD: System Dynamics 
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��

�� DEADEA Data Data EEnvelopment nvelopment AAnalysisnalysis
��

��

��

��

��

�� AHPAHP Analytic Hierarchy ProcessAnalytic Hierarchy Process
�� Conjoint analysisConjoint analysis
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AREES
An Estimation of Demand and Supply of Nitrogen and Phosphor  
Contained in Night Soil Generated from Edo (Old-Tokyo) City 

Ryo FUJIKURA and Naoya SAWAZU

100

2,774ton 277ton
10 6 12kg 4 5kg

3 1

Edo city, old Tokyo before 20th century, with one million population was often referred as a 
"recycle-based society." In order to examine adequacy of the concept, utilization of human 
waste to an agricultural fertilizer during the 19th century is investigated. Based on the data 
regarding the amount of nitrogen and phosphor discharged by a Japanese people today, it is 
estimated that human waste annually discharged by one million Edo people contained 2,774 
and 277 metric tons of nitrogen and phosphor, respectively. It is considered that farmers in the 
Edo period manured as much nitrogen and phosphor to their paddy field as today. Area of the 
farm land is obtained from land use map during the period. If the input of the fertilizer to the 
farm land in the period is as much as in today, the demand and supply of nitrogen between 
night soil generated from Edo and farm lands in the suburb would be balanced. However, 
phosphor generated would meet only one third of the phosphor demands. Complete utilization 
of human waste generated from Edo seems to be possible. However, some of the waste may 
have leaked out, because it was utilized only by economical incentive and no social recycling 
system existed.
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1 1
1. (1999):

: 7.6g/ (T-N) : 0.76g/ (T-P)
2. (2002):

: 9.0g/ (T-N) : 0.77g/ (T-P)
3. :

A: : =0.55% =0.12%
B: 1 1 =1,500g
A B : 8.25g/ (T-N) : 0.79g/ (T-P)

2 100 ( (2004) )

(ton/ )
= (g/ ) 1 ( ) 2 365

: 2,774ton/ : 277ton/
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( 2004)
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1:

(%) (ton/km2) (ton/km2) (km2) (ton) (ton/km2) (ton/km2) (km2) (ton)

A 25 1.50 240 360 4.50 144 648
B 10 0.60 444 266 1.80 368 662
C 5 0.30 592 178 0.90 568 511
D 0 0.00 1,488 0 0.00 1,744 0

- - - 2,764 804 - - 2,824 1,822

[ ]  (ton): 2,626
[ ]  (ton): 2,774

-  (ton): 148

18.06.0

10

2:

(%) (ton/km2) (ton/km2) (km2) (ton) (ton/km2) (ton/km2) (km2) (ton)

A 25 0.55 240 132 1.10 144 158
B 10 0.22 444 98 0.44 368 162
C 5 0.11 592 65 0.22 568 125
D 0 0.00 1,488 0 0.00 1,744 0

- - - 2,764 295 - - 2,824 445

[ ] (ton): 740
[ ]  (ton): 277

-  (ton): 463

2.2 4.4
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City Planning of Metropolitan Seoul: Urban Environment and Groundwater 
Prof. Akimasa Fujiwara, Backjin Lee

15,000 4

The overuse of groundwater resources, using about 40million ton/year of groundwater from 
15,000 wells, and city developments in some regions of Metropolitan Seoul have raised the 
environmental problems of groundwater pollution and continual decline of groundwater level. 
This study briefly reviews the development history of Seoul and its impacts to urban 
environments, and introduces the development of integrated evaluation indices of 
groundwater, incorporating the water quality of groundwater, status of regional economics, 
potential ability of local government, etc. We also discuss about the recent city planning and 
environmental policies to improve urban environments of Seoul.  
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11 20002000 46,000,00046,000,000

2.2. 99,460.74km99,460.74km22

3.3. SeoulSeoul
4.4. (2005(2005 ))

GDPGDP 7,8757,875
GGNINI 1616,,291291
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33 20002000

Child Woman Ratio (CWR)=
0~4 /
(15~49• •)*1000 

CWR

=65
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2
14 28

42

94

2005 ESI (Environmental Sustainable Index) 

2006 EPI (Environmental Performance Index)

2005 ESI

-Finland 1
-New Zealand: 14
-Japan: 30
-America: 45
-China: 50
-South Korea: 122
-North Korea: 146

(133 )
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99.999.9(2000)(2000)95.095.0(2000)(2000)19.419.4(95)(95)98.598.5(2001)(2001)10010098.6798.67%%
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20Urban Surface Environments: Human Impacts on Urban Subsurface Environments

1 Gangbuk-gu 2098 0.02 0.236 0.866 10968000 4146206 61561918 3640241 0.083 0.704 0.79
2 Gangnam-gu 1391 0.014 0.266 0.908 6817000 2577014 50723413 1294598 -0.143 0.393 0.667
3 Gangbuk-gu 1291 0.002 0.023 0.148 6548000 2475324 37087603 1248479 0.025 0.412 0.272
4 Gangseo-gu 1685 0.014 0.073 0.321 11484000 4341268 57329121 4335239 -0.029 0.788 0.54
5 Gwanak-gu 667 0.012 0.113 0.453 8201000 3100204 54544480 532165 -0.008 0.195 0.332
6 Gwangjin-gu 466 0.049 0.066 0.417 4729000 1787692 71393454 661752 0.31 0.199 0.315
7 Guro-gu 1418 0.158 0.379 1 5589000 2112796 48939764 2007195 0.406 0.573 0.8
8 Geumcheon-gu 461 0.045 0.171 0.767 3628000 1371484 29778761 779264 0.434 0.315 0.555
9 Nowon-gu 1729 0.008 0.084 0.337 9842000 3720547 63674088 2019881 -0.026 0.427 0.379

10 Dobong-gu 1298 0.006 0.028 0.17 5785000 2186889 41831315 930922 0.016 0.308 0.234
11 Dongdaemun-gu 1093 0.004 0.081 0.313 3938000 1489050 40726613 920908 -0.075 0.416 0.361
12 Donjak-gu 490 0.015 0.078 0.342 4534000 1713977 44492401 1249619 -0.193 0.526 0.429
13 Mapo-gu 710 0.02 0.055 0.282 6620000 2502542 40610544 935463 -0.09 0.317 0.298
14 Seodaemun-gu 553 0.014 0.06 0.278 4881000 1845152 38590387 961704 0.029 0.361 0.317
15 Seocho-gu 1800 0.013 0.093 0.385 13087000 4947246 42152714 578416 -0.167 0.237 0.315
16 Seongdong-gu 486 0.043 0.069 0.408 4670000 1765389 35228631 1550921 -2.353 0.834 0.607
17 Seongbuk-gu 821 0.017 0.1 0.428 6808000 2573611 50876165 1573938 -1.057 0.615 0.516
18 Songpa-gu 732 0.084 0.092 0.639 9398000 3552703 71462510 2021042 0.041 0.402 0.527
19 Yangcheon-gu 1101 0.043 0.122 0.603 4826000 1824361 51040557 1739112 1.03 0.47 0.54
20 Yeongdeungpo-gu 1035 0.012 0.013 0.149 6812000 2575123 47416747 2357750 0.187 0.655 0.386
21 Yongsan-gu 354 0.03 0.048 0.29 6065000 2292737 26207039 823974 -0.057 0.359 0.322
22 Eunpyeong-gu 1511 0.028 0.154 0.661 8239000 3114569 50532852 1564374 0.007 0.396 0.537
23 Jongno-gu 485 0.023 0.069 0.338 6630000 2506322 20477167 1129384 -0.449 0.616 0.468
24 Jung-gu 494 0.008 0.058 0.253 2764000 1044868 14789487 1387682 -0.506 0.917 0.564
25 Jungnang-gu 792 0.096 0.122 0.771 5136000 1941549 49243487 1138997 0.205 0.345 0.571
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1 G angbuk- gu 11. 36 1392 16. 88 39. 55 0. 564
2 G angna m - gu 6. 61 1372 11. 91 24. 58 0. 621
3 G angbuk- gu 3. 68 1401 14. 19 23. 61 0. 888
4 G angseo - gu 9. 45 1209 15. 04 41. 41 0. 515
5 G wanak- gu 3. 79 896 17. 65 29. 57 0. 632
6 G wang jin- gu 4. 37 981 5. 48 17. 05 0 . 29
7 G uro - gu 3 . 6 1082 6. 09 13. 08 0. 475
8 G eum c heon- gu 3. 01 1082 2. 82 35. 49 0. 324
9 Nowon- gu 5. 46 1400 22. 74 20. 86 0 .9

10 D obong - gu 5. 01 1320 8. 84 14 .2 0. 611
11 D ongd a em un- gu 3. 61 1340 0. 12 16. 35 0 . 39
12 D onja k- gu 3. 43 1090 0 .7 23. 87 0. 311
13 M a po - gu 6. 52 1314 11. 81 17 .6 0. 587
14 S eoda em un- gu 3. 15 1293 1. 69 47. 19 0. 524
15 S eo c ho - gu 7. 97 1205 28. 58 16. 84 0. 751
16 S eongdong- gu 4. 33 981 4. 52 24. 55 0. 252
17 S eongbuk- gu 5. 25 1401 6. 81 33. 89 0. 605
18 S ongpa - gu 10. 04 1073 12. 11 17 .4 0. 291
19 Yangc heon- gu 5. 52 1065 4. 71 24. 56 0. 205
20 Yeongd eungpo - gu 9. 06 884 6. 49 21. 87 0. 118
21 Yongsan- gu 5. 33 1274 9. 11 29. 71 0. 569
22 E unpyeong - gu 4. 95 1048 15. 62 23. 91 0. 618
23 Jongno - gu 4. 27 1419 11. 31 9. 97 0. 809
24 Jung - gu 3 . 5 1333 0 18. 52 0. 274
25 Jungna ng- gu 3. 34 1268 8. 01 0. 699

23Urban Surface Environments: Human Impacts on Urban Subsurface Environments

1 Gangbuk- gu 3 4 11 0.374
2 Gangnam- gu 5 4 4 0.518
3 Gangbuk- gu 3 4 3 0.298
4 Gangseo- gu 4 4 3 0.397
5 Gwanak- gu 4 5360000 4 2 0.502
6 Gwangjin- gu 4 3 0 0.22
7 Guro- gu 4 4 0 0.326
8 Geumcheon- gu 2 4 0 0.182
9 Nowon- gu 6 2000000 4 4 0.596

10 Dobong- gu 4 4 0 0.326
11 Dongdaemun- gu 3 13710000 5 3 0.674
12 Donjak- gu 3 4 0 0.227
13 Mapo- gu 4 4 3 0.397
14 Seodaemun- gu 5 7000000 4 0 0.6
15 Seocho- gu 3 4 6 0.358
16 Seongdong- gu 3 770000 5 2 0.39
17 Seongbuk- gu 5 4 5 0.538
18 Songpa- gu 5 5390000 4 6 0.684
19 Yangcheon- gu 4 4 0 0.326
20 Yeongdeungpo- gu 5 3700000 4 0 0.504
21 Yongsan- gu 3 4 1 0.247
22 Eunpyeong- gu 6 2000000 4 3 0.571
23 Jongno- gu 5 4 2 0.467
24 Jung- gu 3 4 1 0.247
25 Jungnang- gu 3 3 4 0.217 24Urban Surface Environments: Human Impacts on Urban Subsurface Environments
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The history of Japanese technical cooperation for development of sewage system 

 in Bangkok, Thailand 
Tsuyoshi IMAI, Graduate school of Science and Engineering, Yamaguchi University 

1980

3/4 1/4
1992

1992

PWD BMA
JICA PWD 1988.12

1998.5 1995

TCSW 1995.9 2000.8
2001 PWD

WMA
2004

 
In 1980’s, the economic growth of Thailand was remarkable, however, environmental problem 
(especially, water pollution) was very serious with the urbanization. In this report, the history of 
Japanese technical cooperation for development of sewage system in Bangkok, Thailand is 
introduced. In those days, the resource of pollutants are 3/4 from a municipal wastewater and 1/4 
from an industrial wastewater in the coastal area of Chao Phraya river. The government of Thailand 
was focus on the counter measure to the environmental conservation in 1992. Under these 
circumstance, JICA’s technical cooperation to Public Works Development, Ministry of Interior 
(PWD) was began from 1988.12 to 1998.5. Successively, JICA’s technical cooperation as Training 
Center of Sewage Works (TCSW) was conducted from 1995.9 to 2000.8. Now, JICA’s technical 
cooperation to Wastewater Management Authori (WMA) are going on from 2004.5 to 2007.11. 
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Long-term Urban Growth and Its Implications on Water Supply Systems in Asia 

Karen Ann B. Jago-on1 and Shinji Kaneko2

1Research Institute for Humanity and Nature, Karen@chikyu.ac.jp
2Graduate School for International Development and Cooperation, Hiroshima 

University

Keywords: population, urbanization, water demand and supply, Asian cities 

 Rapid urbanization has profound effects on the environment, economy and 

even to people’s lifestyle. This presentation will describe the process of urbanization in 

Tokyo, Osaka, Seoul and Taipei in the last 50 years and the effects of urban growth on 

the delivery of water supply. Urban growth is described in terms of population increase 

and changes in the demographic characteristics of the urban areas using common 

indicators such as rate of natural increase and net migration, changes in population 

density and household characteristics, among others. Data from the United Nations, 

country and city statistics and other socio-economic information are used to compare 

the driving forces of urban growth among these four urban areas. Given the differences 

in statistics among these different sources of data, it is imperative to have a common 

description of physical boundaries in the selected urban area or city, based on the need 

of the different project components. 

 The rise in population and human activities has resulted in increased need for 

adequate water supply. In Osaka, Seoul, Taipei and Tokyo, the growing demand for 

water has been supported by increasing government efforts and investments and since 

the 1990s, these cities have achieved a hundred percent population coverage of water 

supply. Daily water consumption per capita also increases with household income but 

recent years show a decreasing trend, especially in Seoul. Lessons from the review of 

the experiences in water supply provision in these urban areas can give insights for 

long-term projections and planning on water demand and supply in other growing cities 

in Asia. 



Long-term urban growth and its 
implications on water supply systems in 

Asia

Karen Ann B. Jago-on
Research Institute for Humanity and Nature

Project 2-4FR Urban Sub-group
Project Meeting - Hiroshima

November 27, 2006

Outline

• Population data (UN survey & estimates)
• Population data (Country and city statistics)
• Demographic characteristics of cities
• Population, income and water supply

Urban Population/ Area:

- political and administrative boundaries
- population size and density
- population size, density and economic and social 
indicators

City population:
- function of and where the city administrative 
boundaries are drawn

- vary depending on the definition used:
- city, metropolitan area, region

Urbanization
- growth of the population (natural increase, migration, annexation)

- development of specialized functions/ activities

Population (Asian Cities), UN Data

Tokyo – Tokyo Metropolitan Area (Tokyo, Chiba, Kanagawa and Saitama)
Osaka - includes Kobe
Seoul – Seoul city
Manila – Metropolitan Manila  (Manila City and 16 cities and municipalities)

Population estimates 
(2005)

TOKYO – 35,197,000

OSAKA-KOBE –
11,268,000

SEOUL - 10,256,000

TAIPEI – 2,606,000

JAKARTA –13,215,000

MANILA – 10,677,000

BANGKOK – 6,593,000

Population estimates (UN 
Data)

1.81City2

3.52.874.014.082.07City1

4.103.394.354.121.93Urban

1.892.161.871.690.775Country

PHILIPPINESTHAILANDINDONESIAS. KOREAJAPAN

Average Population Growth rates (1950-2005)

City1:  Tokyo, Seoul, Jakarta, Bangkok, M. Manila

City2:  Osaka

Urban Growth rate

6.84

5.35

5.19

5.18

1.43

Urban Growth rate



Demographic characteristics of cities

Population Trend (Asian cities)

Population Trend

Tokyo: 12,369, 000
Osaka: 2,626,635
Seoul: 10,277,000
Taipei: 2,627,138

Population in Seoul

Population in Seoul

Population Change in Seoul Rate of Population Change in Seoul

Pe
rc

en
t (

%
)

Rate of Population Change

Rate of Population Change (Tokyo)Population Change (Tokyo)

Population in Tokyo
Population in Tokyo (1950-2000)

1951, 6.9

1955, 3.4

1976, -0.07 2000,.75

Rate of Population Change (Osaka)Population Change (Osaka)

Population in Osaka

Population in Osaka

1953, 20

1955, 5

1963, -1
1983, .07 2000, .14

Rate of Population Change (Taipei)Population Change (Taipei)

Population in Taipei

Population in Taipei

1968, 34

1979, 5

1991, -.06 2000, -.55



Natural and social change in Population (Seoul)

Natural and social change in population

Natural and social change in population (Tokyo)

Natural and social change in population (Osaka) Natural and social change in population (Taipei)

Land area and Population density (Seoul) Land area and Population density (Taipei)

Land area and Population density (Osaka)

Land area and population density

Seoul (2000) -17131 persons/
sq/km

Osaka (2004) – 11,825 persons/
Sq/km

Taipei (2003) – 9666 persons/
Sq/km

Household Characteristics (Tokyo) Household Characteristics (Osaka)

Household Characteristics (Seoul) Household characteristics (Taipei)

Household Characteristics

Ave. HH size:2.2 Ave. HH size:2.2

Ave. HH size:2.5 Ave. HH size:2.9

Population by Age (Tokyo) Population by Age (Osaka)
Population by Age

Population composition by Age Bracket (Seoul)

Population by Age
Population by Age (Taipei, 1968) Population by Age (Taipei, 1968)

Population by Age (Taipei, 2003) Population by Age (Taipei, 2003)



Summary 1
Population increase in:

SEOUL – due to natural increase
- (negative rate of social increase)

TOKYO – due to social increase
- (decreasing rate of natural increase)

OSAKA – due to social increase
- (negative rate of natural increase)

Population decrease in:
TAIPEI – decreasing rate of natural increase

- negative rate of social increase

Increasing number of households and decreasing household size. 
Household dynamics may influence per capita consumption of water
Resources.

IncreasingIncreasingIncreasingIncreasing50-64

IncreasingIncreasing64-80

DecreasingDecreasingIncreasingIncreasing35-49

IncreasingDecreasingDecreasingIncreasing25-34

DecreasingDecreasingDecreasingIncreasing15-24

DecreasingDecreasingDecreasingDecreasing0-14

TokyoOsakaTaipeiSeoulAge
bracket

Summary 1 (Cont.)
Population trend according to age bracket  (1995-2000)

Population, water supply and consumption

Population and Water supply (Taipei)
1971-2003
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Population and Water supply (Osaka)
1953-2003
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Summary 2
Water supply increases with population growth

Osaka: 1953-2003 (181
Tokyo:  1953-2003 (287
Taipei:  1968-2003 (414
Seoul:  1976-2001 (142

426 million cm3)
1103 million cm3)
945 million cm3)
405 million cm3)

Water consumption per capita/day increases with population growth
Osaka: 1953-2003 (0.22
Tokyo:  1953-2003 (0.16
Taipei:  1968-2003 (0.28
Seoul:  1976-2001 (0.32

0.45 cm3)
0.36 cm3)
0.67 cm3)
0.39 cm3)

Water consumption per capita increases with household income in Taipei 
but decreasing in later years in Seoul. Trends in Osaka and Tokyo still 
need to be reviewed further.

Differences in water consumption between cities 
maybe due to: 

• Socio-economic conditions (income, etc.)
• Water use patterns
• Technological improvements

Summary 2 (Cont.)

Future Plan

� Trend analysis of domestic water supply and consumption and urban 
growth factors.

� Determination of water use patterns in households and technological 
improvements which led to the increase/ decrease in water consumption 
in the past 50 years.

� Analysis of socio-economic factors and policy measures affecting delivery 
of water supply and changes in water demand.

� Case study cities of Bangkok, Jakarta and Manila in order to provide a good
comparison of experiences of cities in different income levels and stages 
of growth.

Thank you for your kind attention!



Life Cycle Impact Assessment of Urban Heat Island in Tokyo 
Yutaka Genchi 

The urban heat island phenomenon is believed to be a serious social issue in Japan. Researchers have studied 
the direct mitigation effect on UHI of countermeasures to UHI. We consider other effects of countermeasures 
to UHI, such as the contribution of UHI countermeasures to the mitigation of global warming through the 
reduction of life cycle energy consumption. UHI countermeasures are expected to reduce energy 
consumption for cooling in summer. However, some UHI countermeasures could result in an increase in 
energy consumption for heating in winter. 
If the energy consumption for heating exceeds the energy consumption for cooling for a particular kind of 
UHI countermeasure, large scale introduction of that countermeasure might actually result in an increase in 
the energy consumption for the year-round heating and cooling of buildings. In this case, the UHI 
countermeasures could exacerbate the environmental problem of global warming. Decision makers must take 
into account such potential conflicts between different environmental issues when considering the adoption 
of UHI countermeasures. 
Life cycle impact assessment, LCIA, is widely used to understand the environmental impacts of products and 
services.
In this study, we aim to quantitatively estimate several kinds of environmental impacts caused by UHI in 
Tokyo and integrate these impacts. An integrating technique called LIME (Life-cycle Impact assessment 
Method based on Endpoint modeling, Itsubo 2004) was used to estimate the impacts of UHI. 
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�LIME (Life-cycle Impact assessment Method based on Endpoint modeling)
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Changes of hydrological environment on earth surface�A case study of Bangkok, Thailand� 
Akihisa YOSHIKOSHI Ritsumeikan Univ.

1917
1:40,000

1:50,000 ,1961 1952

1993 1:50,000
1:25,000 2004

1:25,000

Google Earth, Google Map

The purpose and method       
I would like to examine that the research [ Changes of hydrological environment on earth surface-A case 

study of Bangkok ] can be performed in this project based on the map obtained by the present. It is an 
example about Bangkok, the capital of Thailand.  I am pleased if the method of this announcement and a 
result make it the ability also of the demand of other groups.     
Used map    

1:40,000 Map  make out in 1917    
1:50,000 Map  make out in 1961    

 1:50,000 Map  make out in 1993    
 1:25,000 Map (an age- unknown)    
 1:25,000 Tourist map make out in 2004    

          Google Earth and Google Map.     
Hydrological environment on earth surface   

The road, the railroad, the high density area of the building , the park, the temple etc. are written to the 
map as the elements of the city area .  Moreover, the river, the canal , the well, the lake, the lake containing 
salt water etc. are written as the elements of the hydrological environment. Bangkok used the area centering 
on a king's palace as the core, and has developed.   As a result, the canal with functions, such as water 
transport, drainage, and defense, changed to the road etc., and water areas decreased in number gradually. 
The water area which has those situations in a map became clear by seeing land use change of a city area. 
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A Study of the Formation Process of Industrial Area in Osaka City: 
Focusing on the Land subsidence and its Management 

Masahiro Kato Ritsumeikan Univ.

The aim of this study is to propound some models for the relationship between 
location of industry and degree of land subsidence in Mega cities, but here I limit the 
discussion to the transformation of land use and the configuration of urban environment in 
Osaka City. 

 The history of this city has been intertwined with stages of pre-modernism, 
modernism, especially industrial capitalism, and postmodernism. Each stage has provided 
the urban form with various built  environment for social life at  large. In modern Era,  Osaka 
had developed through the formation of industrial areas, and accordingly called 
‘Manchester of the East’.  

In this study, I am going to understand locality of subsidence in the light of the 
formation of industrial area through location and accumulation of many factories, the 
production activities, and the regional transformation caused by these activities.

                                                 
�

E- mai l :  mkt23078@lt . r i t su mei .ac . jp  
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Urbanization of Bangkok and its Characteristics 
Yuichi Kagawa 

2006 8 6 10

18

19
20

BMA

Bangkok is located at the lower delta of Chao Phraya. The Thailand dynasty has replaced 

its capital to downstream along the river. In the latter half of 18c, Bangkok became the 

capital of the Kingdom. There was transportation network with river and canal which called 

‘klong’ in Thailand. As the road network has constructed, the klong system also has 

effected on urban function. After the period of growth, Bangkok has extended to outer 

BMA (Bangkok Metropolitan Administration) with industrial urbanization. They have 

caused traffic jam. Because many workers live on suburb and factories are located on 

periphery of the city. As same as other developing countries, Bangkok has been judged the 

primate city for the rest cities. Recently, new railroad system (Bangkok Transit System and 

subway) has constructed in Bangkok. Under the suburbanization, shipping service has 

remained. In addition to that,  the major facilities (e.g. temples which called ‘Wat’ in 

Thailand) are concerned with the klong network. Its location has been regulated with water 

(re)use and the transportation system. So, one of human impacts can be analyzed by the 

urban hydrological environment.
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Distribution of well in Tokyo 
Tomomasa TANIGUCHI 

Faculty of Geo-Environmental Science, Rissho University 

The natural environment of cities can be understood based both on present and 
past natural environments, as well as the formation process of present situation. And,
we will reconstruct historical water environment in the city. Historical 
reconstruction of water environment focuses on historical data, such as old 
documents, old maps, art pictures and photographs.  
 The general water environment of the city would be clarified not only by water 
quality and loading amount in the river, but also by volume of water and water level 
in ground water. From this viewpoint, I reported on well and its use for the historical 
reconstruction of water environment. I have focuses on the descriptions and 
landscape in this research in Tokyo (Edo).  



SG

1.

2.

3.

100
?

•

• 100

1907

• 9

•

• ;
•
•
•
•
•

•
•
•

20 25



http://yma2.hp.infoseek.co.jp/topo/TokyoSlope/index.html

57

http://www2.kankyo.metro.tokyo.jp/sizen/yuusui57sen/top.htm
; HP

• 19 20 1886 1887
•
•
• 15

45,000

•
•

•
•



3. 20m

1884
4.

1906

2.

1945

1.

1987

?

• ?

• ?

•

•

•

http://yma2.hp.infoseek.co.jp/topo/TokyoSlope/index.html

→
; →

→

•

•

100 (10 10m )

1.

2.

?



Collected maps and bibliographic data and its information provision 
TODOKORO Taiko (Graduate Student, Ritsumeikan University) 

2006 11 SG

1920
tif

GIS Geotif

tif 2006 8

Excel data

 
 This presentation introduces collected maps and bibliographic data by urban 
geography sub-group as of end-November, and intends to share this information with 
project members.  
 As for domestic study areas, Tokyo and Osaka, we purchased all topographical 
maps and aerial photographs published since 1920.  We can use digitalized map data of 
the central Tokyo and Osaka by GIS. 
 As for international study areas, although the date of publication is 
non-constant, we can use some of topographical maps of each study areas.  In view of 
the situation of map provision and its access to information, it is comparatively easy to 
get map information in Bangkok, Seoul, Taipei, and difficult to get it in Manila and 
Jakarta.
 Now our sub-group is conducting digitalization of topographical map and 
water system of the central Osaka to compare with those of Bangkok. 
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The Availability of Quantitative Spatial Analyses by Using GIS for 
Interdisciplinary Studies 

Akio YAMASHITA (Rakuno Gakuen University) 

Abstract: For interdisciplinary studies such as our project, GIS (Geographic
Information System) is the most available as not only an analytical tool of 
our study but also a database to accumulate and manage various datasets 
involving both physical and socio-economic areas of study. Concretely, 
effective and efficient utilization of GIS makes the following three things 
possible: integrated and organized management of both various statistical 
datasets and digital maps we collect and observational data by field 
researches; mutual understanding among project members about results of 
analyses and field researches; clarification of correlation between physical 
and socio-economic phenomena by analyzing them quantitatively and 
spatially. 
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Outline of research, urban geography sub-group,2005-2006 
Akihisa YOSHIKOSHI(Ritsumeikan Univ.) 
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depend on the experienced groundwater flow change

caused by over pumping !!
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Measurement system for Kr-85 
Prof. Noriyuki Momoshima, Radioisotope Center, Kyushu University 

Radioactive rare gas, Kr-85 in groundwater is a good tracer for dating of groundwater 
because specific activity of dissolved Kr-85 records a time when the water was contacting 
with the atmosphere. The time trend of the atmospheric Kr-85 concentration, which has been 
increasing by increasing use of nuclear energy is well documented that enable us to estimate 
the age of water. Dissolved gas in the groundwater is recovered and Kr is separated by 
gas-chromatography from other gases. The separation technique is as same as that for 
already applied for the atmospheric Kr-85 determination. Purified Kr is dissolved into a 
organic solvent for radioactivity measurement. The organic solvent has high affinity for Kr 
and is suitable for liquid scintillation counting media. Beta activity of Kr-85 is possible to 
measure with high accuracy by low background liquid scintillation counting. The specific 
activity of Kr-85 is obtained from Kr-85 activity and stable Kr content, which is determined 
by gas-chromatography.
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85Kr Kr

Dissolved Kr extraction from groundwater for the groundwater dating using 85Kr 
Prof. Yasunori Mahara, Reactor Research Institute, Kyoto University, 

85Kr( 10.7 + ) 1950
2000 1.2 1.4

Bq/ 3

1979 Rozanski Crakow 10 40
85Kr

Tool (Loosli,1989)
8×10-8 ccSTP/g Kr 85Kr

Kr
100 1L 85Kr 1×10-4

Bq/L 10 Kr

Bern

99.9 1000 L/hr

The 85Kr dating technique is a strong tool for investigating young groundwater circulation. 
Generally, activity of 85Kr in present is very low (1×10-4 Bq/L) in even shallow groundwater. 
We have two big technical problems to overcome for success in the dating. One is a 
high-precise radioactive counting of 85Kr and the other is the extraction of a tiny amount of 
dissolved Kr (0.8 ccSTP) from a big size of groundwater sample (10,000 L). We have planed 
to make up the gas extraction system using the module assembling a lot of amount of the 
small membrane pipes with an inner diameter of 180 ~ 200 μm. The system is estimated to 
extract 99.9% of all dissolved gasses under a high vacuum condition of an approximate 20 
Torr and has a confidence in degassing continuously from 1000 L groundwater samples per 
one hour.



Abundance of Kr in airAbundance of Kr in air

�� Volume fraction of noble gases in dry airVolume fraction of noble gases in dry air
He: (5.24He: (5.24 0.050.05)) 1010--66

NeNe: (: (1.8181.818 0.004)0.004) 1010--55

ArAr: (: (9.349.34 0.01)0.01) 1010--33

Kr: (1.14Kr: (1.14 0.010.01)) 1010--66

XeXe: (8.7: (8.7 0.10.1)) 1010--88

10-9

10-8

Kr in groundwaterKr in groundwater
�� Abundance of Kr (cmAbundance of Kr (cm33 STP/g) in waterSTP/g) in water

(Air saturation)(Air saturation)
FrshwaterFrshwater: 12.57: 12.57 1010--88 (0(0 ººC)C)

6.226.22 1010--88 (25 (25 ººC)C)
Seawater:   Seawater:   9.059.05 1010--88 (0(0 ººC)C)

4.744.74 1010--88 (25 (25 ººC)C)
Groundwater: 5.42~8.4Groundwater: 5.42~8.4 1010--88 (Israel)(Israel)

8.14~12.38.14~12.3 1010--88 (Japan) (Japan) 

Radioisotopes of Kr in groundwaterRadioisotopes of Kr in groundwater
�� 8585Kr (halfKr (half--life:10.76 years)life:10.76 years)

origin: nuclear installationsorigin: nuclear installations
8.68.6 1010--55 BqBq/L (7/L (7 1010--88 ccSTP/gccSTP/g water,water,

equilibrated with modern dry air at 25equilibrated with modern dry air at 25ººC)C)
8585Kr/Kr Kr/Kr (atoms)(atoms) :7.1:7.1 1010--1919

�� 8181Kr (halfKr (half--life:2.29life:2.29 101055 years)years)
origin: cosmogenicorigin: cosmogenic

9.59.5 101022 atoms/L (7atoms/L (7 1010--88 ccSTP/gccSTP/g waterwater
equilibrated with modern dry air at 25equilibrated with modern dry air at 25ººC)C)

8181Kr/Kr Kr/Kr (atoms)(atoms) :5.05:5.05 1010--1313



Diffusion coefficients of dissolved Diffusion coefficients of dissolved 
gases in water (cmgases in water (cm22/sec /sec 101055))

3.493.49------OO22

3.473.47--1.41.4--NN22

1.941.941.471.470.9290.9290.7740.774XeXe
2.402.401.841.841.201.201.021.02KrKr
3.293.292.692.691.971.971.631.63ArAr
4.824.824.164.162.942.942.612.61NeNe
8.488.487.227.225.745.745.105.10HeHe
30302525101055T (T (ººC)C)

1Torr=1mmHg=133.32 Pa=1.33x10-3 bar=1.33 mbar
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CFCs  

Age-Dating of Groundwater Using Chlorofluorocarbons (CFCs) as a Tracer 
Kiyohiro OHTA University of Tsukuba

3H 3H
(Shimada et al., 1994 2003)

3H CFCs( )
(USGS)

(Busenberg and Plummer, 1992; IAEA, 2006)
CFCs
(2006) (2006) CFCs

CFCs

CFCs
(GC-ECD)

CFC-11 CFC-12 CFC-113
(R2 = 0.995 )

Abstract 
Estimation of residence time of the groundwater is basically important to 

understand the groundwater flow system. In overseas, CFCs has been used for dating 
of young groundwater instead of tritium (3H). In Japan, however, CFCs has been used 
mainly by oceanographic research and atmospheric chemistry, there has been few studies on 
CFCs concentration of groundwater in the field of Hydrology. Therefore, an establishment of 
analytical and calibration system of CFCs in groundwater was necessary in Japan.
In order to use chlorofluorocarbons (CFCs) as an age-dating tool and tracer in shallow 
groundwater, an analytical line of CFCs concentration of groundwater was constructed. 
Furthermore, calibration curves for CFC-11, CFC-12, and CFC-113 with high correlation 
coefficient (more than R2 = 0.995) were determined using this analytical system.
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3 ,Kang-Kun Lee4

Consideration of groundwater flow system using multiple isotopic and geochemical 
data in Seoul city, Korea and Bangkok, Thailand. 

Reo Ikawa1, Jun Shimada2, Makoto Taniguchi3, Mitsuyo Saito4, and Kang-Kun Lee5

Kim et al. (2002) 

2005 8 18
EC pH Eh

Kim et al. (2002) 

Recently, groundwater quality degradation caused by local pollution becomes a serious problem in 
urbanization area of Asian countries, however, in many Asian countries, interpretation for groundwater 
information is not enough. In order to understand geochemical characteristic and groundwater flow 
system, samples of groundwater and riverwater was collected in Seoul city and Bangkok. Stable 
isotopic compositions (�18O and �D), tritium concentration, and inorganic ion chemistry of water 
samples in Seoul city were analyzed in Kumamoto University and Hiroshima University, and tritium 
concentration of that in Bangkok was analyzed in Kumamoto University. In the Seoul city, the 
groundwater levels of southern side are relatively higher than those of northern side and the lowest 
levels area are observed in northern side of Han River. The draw-down of groundwater levels may be 
caused by subway tunnel pumping. Stable isotopic compositions of groundwater show relatively heavy 
value in the surrounding area and it has gradually depleted toward the central part of Seoul city, this area 
accord with subway pumping area and isotopic composition and tritium concentration of groundwater in 
this area is same as a value of Han Riverwater. Thus, in this area, groundwater is recharged by 
riverwater. Nitrate of the high concentration to be seen in some areas may occurred by a leak of water 
from sewage. 
 About tritium concentration of Bangkok samples, We report the details in this meeting. 
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Temporal change of groundwater potential distribution and groundwater flow/land 
subsidence coupled modeling in the Kanto Plain, Japan 

Masaatsu Aichi, Takeshi Hayashi, Tomochika Tokunaga The University of Tokyo 

In the past, we had a significant amount of groundwater extraction and land subsidence in the Tokyo
metropolitan area. Due to the pumping regulations, the groundwater potential has recovered and the 
land subsidence has stopped. On the other hand, problems on the stability of subsurface structures 
and the increase of groundwater discharge into subsurface openings due to recovered groundwater 
potential have been reported recently. 

This is a typical example of the human impact on the subsurface environment, and is not only the 
problem at the Tokyo metropolitan area, but also possibly in other Asian mega cities.  

Here, two approaches have been performed for better understanding of the problems in the Tokyo 
metropolitan area. One was constructing the equipotential maps for each aquifer based on the 
observed groundwater potential and their temporal change, and the other was a trial of reproducing 
the history of groundwater flow and land subsidence by the numerical simulation. Preliminary 
results on these approaches are shown in the presentation. 
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Status Report of the GRACE data processing 

   

Yoichi Fukuda, Keiko Yamamoto Graduate School of Science, Kyoto University
Toshiyuki Nakaegawa Meteorological Research Institute

Jun Nishijima Graduate School of Engineering, Kyushu University

GRACE

GRACE GRACE

GRACE

0.9-1.4 GRACE

GRACE

We estimated the mass variations of 4 major river basins, i.e., Mekong, Irrawaddy, Salween and 
Chao Phraya river basins, in Indochina Peninsula from the newly released GRACE (Gravity 
Recovery and Climate Experiment) monthly gravity field solutions. The estimated variations were 
compared with the one calculated from a numerical model.  The results show that the agreements 
between the GRACE estimations and the model calculation are good in Mekong and Irrawaddy 
basins while those in Salween and Chao Phraya basins are poor mainly due to the spatial scale of 
the areas concerned.  The comparison over the combined area of the 4 river basins shows fairly 
good agreement, although there remain small discrepancies quantitatively. Amplitudes of the annual 
signals from the GRACE solutions are 0.9-1.4 times larger than the one from the hydrological 
model, and the phases are delayed about 1 month compared with the model signal.  The phase 
differences are probably due to improper treatments of the groundwater storage process in the 
hydrological model and this suggests that the GRACE data possibly give constraints to the model 
parameters.  We will also report the present status of GRACE data release. 



Status Report of the GRACE data processing

Yoichi Fukuda,  Keiko Yamamoto
Graduate School of Science, Kyoto University

Toshiyuki Nakaegawa
Meteorological Research Institute

Jun Nishijima
Graduate School of Engineering, Kyushu University
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Comparison of the terrestrial water storage estimated from different reanalysis datasets 
Tosiyuki Nakaegawa  MRI/JMA 

The change in the terrestrial water storage is produced by the global water cycle accompanying with 
the global energy cycle, and is considered as an important element in climatic problem. The present 
study compares the terrestrial water storages for 1979 to 2004 obtained from the three different 
reanalysis dataset: Japan Meteorological Agency-Central Research Institute of Electric Power 
Industry (JRA-25), European Center for the Medium-range Weather Forecast (ERA-40), and 
National Center for Environmental Prediction and Department of Energy (NCEP/DOE R-2). The 
terrestrial water storage is computed by the summation of soil moisture and ice, snow water 
equivalence, and river channel water storage. The total estimation error of the presently operational 
gravity satellite mission, GRACE, is compared with the differences in the terrestrial water storage 
between the three datasets, and the error is found to be smaller than the differences in most of major 
river basin. These results suggest two points: The terrestrial water storage estimated from GRACE 
would contribute to the improvement in that of the (re-)analysis datasets, and the retrieval of the 
terrestrial water storage from GRACE observation at a specific basin could include the uncertainty 
of the terrestrial water storages between the reanalysis datasets. 
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Figure 3. (a) Geographical distribution of urban grids(5ox5o). Grid boxes where 
the fractional area of 1 km x 1 km urban pixels is greater than 0.043 (in red), and 
between 0.01 and 0.042 (in blue) are categorized as big (small) urban areas. 
Time series (oC) of (b) GHCN-NNR, and (c) CRU-NNR, for the areas of big 
urban areas (red solid), small urban areas (red dashed), agriculture (blue solid), 
natural broadleaf (blue dashed), and barren areas (black solid), respectively.

Lim et al.(2005,GRL)
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Preliminary gravity and GPS survey at Jakarta city 
Jun Nishijima, Yo-ichi Fukuda, Satoshi Ueno 

2

ITB GPS 30cm
ITB

4
ITB GPS

BAKOSURTANAL
4

2 1 2km

We carried out the preliminary gravity and GPS survey at Jakarta. The ground deformation survey 
using GPS has been started by Institute of Technology Bandung (ITB). Many benchmarks are 
established by ITB, and we went to some benchmark to check the benchmark size and noise level. 
We selected the four benchmarks in order to measure the gravity using the A10 absolute gravimeter. 
We will get cooperation from ITB and BAKOSURTANAL to measure the ground deformation 
survey and repeat relative gravity measurements. We also carried out the 2km interval gravity 
survey to make clear the underground structure. 
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The estimation of subsurface density structure in Jakarta by gravity survey 
Graduate School of Science, Kyoto University,  Y.Fukuda, S.Ueno 

Graduate School of Engineering, University of Kyushu,  J.Nishijima 
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To estimate the subsurface density structure in Jakarta ,we made a gravity survey by means of a 
Lacoste&Ronberg gravimeter and a GPS receiver for fast static GPS survey from 9th to 12th in 
September, 2006.To estimate the density structure of the sediment layer, we made a survey along 
two east-west lines, which are about 50 km long. And we made a survey along one south-north line, 
which is about 25km long.The interval of points is about 2km.The number of points are about 25 on 
each east-west lines and 10 on the south-north line. Surveying on the east-west lines were made 
from 9th to 11th and that on the south-north line was made at 12th.For the drift correction of the 
gravimeter, the first and last measurements of a day were conducted at the absolute gravity point in 
BAKOSTANAL as the reference point. The gravity value of BAKOSTANAL is 
978203093.5±0.4μgal. For the reference of fast static GPS survey, the static GPS measurement was 
conducted at one point every day. We used a different point as a reference point on each day. For the 
terrene correction to calculate the bouguer anomaly, we use the 3” mesh DTM made by Shuttle 
Radar Topography Mission. We analyze the bouguer anomaly by Talwani(1965).
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Urbanization effect on the subsurface solute transport in Asia 
Shin-ichi Onodera (Hiroshima University) members in Taniguchi P. 
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To confirm the variation of contaminant load at mega-cities in Asia, we conducted the review of research 
papers in regarding to the pollution in Osaka, Japan and methodology for reconstructing the history of 
contamination. The results are summarized as follows: 1) based on the relationship between developing stage 
of city and pollution condition on Osaka, Asian cities are categorized into 3 main types. Bangkok and Jakarta 
are “developing” cities. Seoul is “developed” city. Osaka is “developed” with infrastructure. 2) The 
developing stage of cities was related to the contaminant species and potential of pollution. Developing cities 
such as Jakarta and Bangkok have a serious contaminant potential of nitrate originated from domestic and 
agricultural waste water. Developed cities such as Seoul have a contaminant potential of various species 
originated from industrial waste water. Developed cities of third stage have a potential by contaminant 
groundwater discharge. 
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Water Pollution and its accumulation in subsurface zone in Bangkok 
Mitsuyo Saito (Graduate student, Hiroshima University), and research members in Bangkok 

Most of groundwater potentials in some aquifers at same sites indicated downward groundwater flow with 
the hydraulic gradient of 0.01 to 0.1 in the urban area, except for the northern suburban area. As a 
topographic gradient is extremely low (0.0001 to 0.001) in the urban area, it is obvious that the downward 
flow is dominant rather than the lateral flow. However, Sanford and Buapeng (1996) indicated the upward 
deep groundwater flow with long residence time, using 14C analysis and numerical simulation. These 
differences mean the radical change of groundwater flow with intensive pumping for last 15 years. The 18O
of deep groundwater on the northern suburban area was low, compared with shallow groundwater and 
surface water. On the other hand, that was high on the urban area. These results suggest that downward 
gradient caused surface water intrusion into deep groundwater. In addition, Mn concentration in deep 
groundwater was extremely high under the urban area. This suggests also the contaminant intrusion and 
storage in deep groundwater. These results imply that we have to recognize the possibility of contaminant 
transport with deep groundwater discharge after recovery of its potential in the future.
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Current state of material transfer in the groundwater of Jakarta 
Misa Sawano (Graduate School of Integrated Sciences, Hiroshima University) 

2006 9 6 21
78 6 8 EC DO pH

DOC DN
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For several years, in Jakarta, the subsidence of ground is remarkable because of an excessive 
pumping of groundwater with urbanization, and it might be occurred that the change of 
groundwater flow and material transfer. Then, it aimed to clarify the change in the subsurface water 
quality with urbanization.  

We have made investigation from 6th to 21st in September, 2006. We collected the water samples 
and measured EC, DO, pH, water temperature, and groundwater level of 78 points of subsurface 
water from observation wells and existing wells, 6 river waters, and 8 spring waters. After bringing 
back the samples, we measured the concentration of cations, anions, DOC, DN, and nutrients. The 
main result is as follows;  
1) Subsurface water potential distribution showed that shallower layer than 100m in depth flows 

downward and deeper than 200m in depth flows upward in the coastal area. And it was 
confirmed that seawater invaded because the lowest potential was -20m. 

2) The hydraulic gradient was calculated of 3 areas where it was confirmed characteristic 
distribution of NO3

--N and DN (except NO3
--N), in an aquifer of 0-50m and 50-100m in depth. 

Then, in two areas where hydraulic gradient was large, it is confirmed that invasion of not only 
them but also pollutants such as Mn and Zn.
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Human impacts on the subsurface environments and adjacent coastal areas in Asian-Mega cities, 
estimated by stable isotopes ratio of light elements. 

Yu Umezawa (Research Institute for Humanity and Nature) 

�15N �18O
NOx 2

�15N �18O

C N
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�13C �15N

CNP �13C �15N

 
 

Increase of nitrate pollution in groundwater and nutrient loading into the adjacent coastal areas have 
been intensively reported at developed cities. In addition to the population and land use, however, 
background characteristics (e.g., geology, topography, climate, governmental policy and social 
morality) may be also important factors to control the extent of these human impacts on the systems.  

In this study, we primarily try to understand the source of nitrate (NO3
-) pollutions and the potential 

of NO3
- reduction in the subsurface environments at targeted Asian cities. Therefore, the combined use 

of �15N and �18O signatures in NO3
- could be useful tool for these objectives, because they often have 

distinctly different values depending on the sources, and unidirectionally shift through denitrification 
under anoxic conditions. So we’re analyzing these values in groundwater collected from the different 
subsurface layers throughout each study site. 

In addition to the allochthonous particulate organic matter input into the adjacent coastal areas, on 
the other hand, increased phytoplankton enhanced by terrestrial DIN/P supplies also accumulate at the 

sea bottom temporally in order. Furthermore, �15N and �13C values in phytoplankton potentially shift 
according to their DIC/N sources and the extent of productivity. Therefore, we try to reconstruct the 

trophic state histories in the coastal areas using C, N and P contents and �15N and �13C values in 
organic matter, which was extracted from the sediment core samples collected at each coastal area.
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Report of the first year’s survey and some ideas for  
better communication among different working groups 

Takahiro Hosono (RIHN, 2-4 project, material group) 

8

The purpose of this presentation is to present the result of the field survey through the first year and 
to propose and confirm the idea what we have to consider for the next survey. Since last August of 
2005 we have performed the field survey on the six Asian big cities (Seoul, Taipei, Manila, 
Bangkok, Jakarta, and Osaka; numbered in survey date order). Groundwater samples were collected 
for chemical analysis at each city except at Osaka, and those for Seoul city have been analyzed 
already. I will introduce the results of this analysis in combined with the result by groundwater flow 
group. In the same time, we found through surveys some important problems to be proven for better 
research activity; that is the lack of communication among different working groups. For instance, 
the material group needs the data of history of various kind of human activity, i.e., population 
increase, industry development, and so on, which should be supplied by the social group. However, 
communication between two groups has not been adequately progressed. Likewise, the way of 
using the data by different working groups became the concerning subject of discussion. In this 
meeting, the details of these problems will be also presented by showing several examples. 
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Submarine groundwater discharge in the coastal zone of the Asian cities 
Tomotoshi Ishitobi , Makoto Taniguchi , Yu Umezawa Research Institute for  

Humanity and Nature, Japan,  tomotoshi@chikyu.ac.jp, 

’’SGD’’ = 
Submarine Groundwater Discharge

2006

  Submarine groundwater discharge (SGD) is the end process of the groundwater flow system in 
the coastal zone, and it is thought that fresh-salt water interface exists in the area that groundwater 
discharge occurs.  Recognition of the importance of SGD is increasing for the studies on water and 
dissolved material transports from land to the ocean.  However, quantitative evaluations have not 
been done because the measurement is difficult.  Therefore, a lot of uncertain points exist about 
SGD processes.  SGD research using several methods has been done to estimate water and 
dissolved material transports from land to the ocean.  This presentation shows research results of 
Osaka, Taipei, Manila, Bangkok and Jakarta in 2006.  

This presentation consists of our research results in each city and comparing of SGD rates in each 
Asian city.  For example, it is clarified that terrestrial groundwater discharge rates decrease with 
the distance from the coast in the coastal zone of a city.  However, in some cities, terrestrial 
groundwater discharge is not significant.  Resistivity measurements revealed the distributions of 
freshwater and saltwater under the seabed.  On the other hands, long-term monitoring of SGD 
rates is also done in the Osaka bay, Japan.  From this research, it is clarified that time-variation of 
SGD is corresponding by some factors such as tidal change.
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Purposes of this study
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Penetration of the Ground Surface Temperature Variation into the Subsurface 
(Long-term Temperature Monitoring in a Borehole) 

Makoto Yamano (Univ. Tokyo), Hideki Hamamoto and Shusaku Goto (Geol. Surv. Japan) 
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We have been conducting long-term temperature monitoring in a borehole drilled in 1992 on the 
coast of Lake Biwa.  Temperature logging conducted in 1993 and 2002 revealed that the temperature 
above 75 m increased significantly, by up to 1 K.  It indicates that the subsurface temperature 
structure was disturbed by some recent event(s) near the ground surface.  To study this phenomenon, 
we started continuous measurements of temperature at depths of 30 m (in October 2002) and 40 m (in 
April 2004).  The obtained records show slow temperature increases at about 18 mK/yr and 5 mK/yr 
at 30 m and 40 m respectively.  Probable causes of these temperature variations are: 1) construction 
of the building of the Lake Biwa Museum in 1996, which covered the top of the borehole, 2) fill-up of 
artificial sediment (6.7 m thick) on the original ground surface between 1982 and 1991.  For 
obtaining more information on the temperature variations, we installed a temperature sensor cable in 
the borehole and started monitoring in October, 2006.  The cable has 10 thermistor sensors at depths 
of 15, 20, 25, 30, 40, 50, 60, 75, 100, and 130 m.  Long-term temperature records with this new 
system will allow us to make more detailed analyses of the heat transfer process at this site.  Similar 
temperature monitoring experiments will be attempted in boreholes in the target cities. 
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Development of a new space heating and cooling system with the downhole coaxial heat 
exchanger (DCHE) and ground-coupled heat pumps 

Sachio Ehara, Laboratory of Geothermics, Kyushu University, Fukuoka 819-0395, Japan 

Coefficient of 
Performance,

 
The heat island phenomenon in the urban area is rapidly progressing in big cities in Japan including Fukuoka 
city, southwestern Japan. One of the main causes is the rapid popularization of the conventional space 
heating and cooling system in houses and buildings. We developed a new heating and cooling system of a 
house with ground-coupled heat pumps. We employed the Downhole Coaxial Heat Exchanger (DCHE) 
system to extract heat from the shallow ground. The DCHE system saves electric power and oil consumption 
and also does not discharge waste heat to the air. The depth of the necessary well for the heat exchanger was 
estimated based on the calculation of the thermal load in the experimental house. The space heating and 
cooling system was installed in the experimental house of Fukuoka city and we have been continuing an 
experiment to verify the high efficiency of the system. As a result, we developed an extremely high efficient 
system of which COP (Coefficient of Performance) is about 4.5. We believe such a ground coupled space 
heating and cooling system may contribute to the relaxation of the heat island phenomenon in urban areas.    



Newly developed system : Refrigerant is carried directly to the indoor system.                 

COP of HP for one room   =4.72
COP of HP for four rooms=4.12
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Evaluation of Change in Groundwater and Subsurface Temperature Environment in the 
Tokyo Metropolitan Area

Akinobu Miyakosi Rachmat Fajar Lubis Vuthy Monyrath Makoto Yamano Yasuo Sakura 

Information on three-dimensional distribution of subsurface temperature was examined to 
evaluate the effect of human activity on groundwater environment in the Tokyo Metropolitan Area.  
Regional variation was observed as follows: high and low areas from the viewpoints of temperature 
distribution is recognized in the central part to the southern part and from the inland to eastern part, 
respectively.  High temperature area corresponds to an area where lower boundary of groundwater 
flow is relatively shallow because of shallow upper surface of indurated silt bed which shows high 
thermal conductivities.  This area corresponds also to an area with severe land subsidence resulting 
from excessive pumping of groundwater.  This suggests that the distribution of subsurface 
temperature is related not only to natural groundwater flow, but also to human activities. On the 
other hand a comparison between the temperature data in 1956 to 1967 and those of 2001 revealed 
widespread lowering of the temperature in the inland area.  This is explained by downward 
groundwater flow based on an analysis of temperature-depth profile.   The change of groundwater 
flow regime in the Tokyo Metropolitan area by pumping became clear from subsurface temperature 
measurements of this study.   
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Vuthy Monyrath

Estimation of the past ground surface temperature change from borehole temperature data 
Hideki Hamamoto, Shusaku Goto (AIST), Vuthy Monyrath (Chiba Univ.),  

Shin Kamioka (Kyushu Univ.) and Makoto Yamano (Univ. Tokyo) 

800m [Goto et al., 2005]

Goto S., Hamamoto H., Yamano M.,(2005): Climatic and environmental changes at southeastern coast of 
Lake Biwa over past 3000 years, inferred from borehole temperature profiles, Phys. Earth Planet. Int 
Vol.152 314-325 

An effect of temperature change at the earth’ s surface propagates into the underground and disturbs the 
underground temperature structure that is determined by the thermal conductivity distribution and heat flow 
from the deep. Analyzing disturbances in the under ground temperature structure carefully, the past ground 
surface temperature (GST) change closely related to the past climate change can be reconstructed (i.e. Goto 
et al., 2005). 

In order to infer the past climate change, we measured temperature profiles in boreholes in Bangkok and 
reconstructed GST history during the last several hundred years. Some of the temperature profiles seem to be 
influenced by groundwater flows. We examined how possible variations in thermal conductivity of the 
formations can affect the reconstructed GST history. We also evaluated the minimum depth of temperature 
measurement necessary for reliable GST reconstruction. These analyses will give important criteria for 
selection of boreholes and determination of temperature measurement depths in this project. 

Reference: 
Goto S., Hamamoto H., Yamano M. (2005): Climatic and environmental changes at southeastern coast of 
Lake Biwa over past 3000 years, inferred from borehole temperature profiles, Phys. Earth Planet. Int. 
Vol.152, 314-325.
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Estimation of the past ground surface temperature change 
from borehole temperature data 
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Reconstruction of the thermal environment evolution in Jakarta from underground 
temperature profiles, a progress report

Rachmat Fajar Lubis , Yasuo Sakura , Makoto Yamano ,
Robert Delinom , Akinobu Miyakoshi , Makoto Taniguchi6.

1 Graduate School of Science and Technology, Chiba University, Japan, fajarlubis@graduate.chiba-u.jp 2 Department 

of Earth Sciences, Chiba University, Japan, 3. Earthquake Research Institute, University of Tokyo, Japan, 4.

Research Center for Geotechnology, Indonesian Institute of Sciences, Bandung-Indonesia, 5. Geological Survey of 

Japan, AIST, 6. Research Institute for Humanity and Nature, RIHN Kyoto, Japan, 

 
 
Heat island effect is one of major problematic effects in developed cities, and it is important to 
understand the relationship between air temperature change and developing stage of each city. 
Ground surface temperature (GST) slowly propagates into subsurface sediments and basement 

rocks by thermal diffusion in 10
-6 

to 10
-7 

m
2
/s. Therefore, the GST variations in the last several 

hundred years could be recorded as the underground temperature distribution in the upper several 
hundred meters. This report intends to reconstruct GST history in Jakarta mega cities, Indonesia. 
GST history will reconstruct from vertical temperature profiles measured in boreholes.  

The thermal profiles and water levels in 33 selected wells from 56 observation wells (40 – 250 m 
deep) were measured in the study area, on 4-21 September, 2006. The thermal-profile 
measurements were made at 2-m intervals from the water level to the bottom of the hole with a 
digital thermister thermometer of 0.01 °C precision. The boreholes selected are observation wells, 
therefore ideal for thermal studies. Due to the previous measurement on July 2004, they can be 
considered to have attained thermal equilibrium conditions between water in a borehole and 
surrounding subsurface temperature.  



Rachmat Fajar Lubis , Yasuo Sakura , Makoto Yamano , Robert Delinom ,
Akinobu Miyakoshi , Makoto Taniguchi6.

1 Graduate School of Science and Technology, Chiba University, Japan  2 Department of Earth Sciences, Chiba 
University, Japan, 3. Earthquake Research Institute, University of Tokyo, Japan, 4. Research Center for 
Geotechnology, Indonesian Institute of Sciences, Bandung-Indonesia, 5. Geological Survey of Japan, AIST,
6. Research Institute for Humanity and Nature, RIHN Kyoto, Japan,

Reconstruction of the thermal 
environment evolution in Jakarta from 

underground temperature profiles
Progress Report

RIHN project 2RIHN project 2--4 FR4 FR Human Impacts on Urban Subsurface EnvironmentsHuman Impacts on Urban Subsurface Environments Introduction

Heat island effect is one of major problematic effects in 
developed cities, and it is important to understand the 
relationship between air temperature change and 
developing stage of each city. Ground surface 
temperature (GST) slowly propagates into subsurface 
sediments and basement rocks by thermal diffusion in 
10-6 to 10-7 m2/s. Therefore, the GST variations in the 
last several hundred years could be recorded as the 
underground temperature distribution in the upper 
several hundred meters. This report intends to 
reconstruct GST history in Jakarta mega cities, 
Indonesia. GST history will reconstruct from vertical 
temperature profiles measured in boreholes.

Location and Geological Setting

It is one of the most developed basins in Indonesia as 
Jakarta City is located within the basin, with an elevation 
which ranges between 0 – 1000 m above sea level. Jakarta 
which is the capital of the Republic of Indonesia, lies on 
the coastal plain of the Java Sea (to the north) and is 
bordered by Jakarta Bay in the north, West Java province 
in the south, east and Banten province in the west. It is 
located between 106o 33’ - 107o ’E longitude and   5o 48’
30” - 6o 10’ 30” ’ S latitude with an area around 652 km2.
Greater Jakarta has a humid tropical climate; annual 
rainfall is high between 1500 - 2500 mm due to influence 
of monsoon

Greater Jakarta is located in the groundwater basin 
known as the Jakarta groundwater basin. The base of 
the aquifer system is formed by impermeable Miocene 
sediments which also crop out at the southern 
boundary of the basin. The basin fill, which consist of 
marine Pliocene and quaternary sand and delta 
sediments, is up to 300 m thick. Individual sand 
horizons are typically 1 - 5 m thick and comprise only 
20% of the total fill deposits. Silts and clays separate 
these horizons. Fine sand and silt is very frequent 
component of these aquifers (Fachry et all, 2003)

Geological Setting
Simplified Model 

(Modified from (Modified from IwacoIwaco & Ministry Of & Ministry Of 
Public Work, Indonesia ; 1994)Public Work, Indonesia ; 1994)

JAKARTA, Mega Cities in Indonesia

Mega cities can be defined as a city with 
the human population up to 10 million.

JAKARTA, Mega Cities in Indonesia

• Registered groundwater production in 
Jakarta area. Total number : 3572 
production well. Groundwater 
production rates in 2004 was 
20.844.111 m3/year 

• (Mine Service, Jakarta Metropolitan 
Gov, 2005)

• Estimated annual 
groundwater production in 
the greater Jakarta area

• in million m3. The production 
rates after 1985 in particular 
are of a tentative character

• (Schmidt, 2004)



Remark
80 81 82 83 84 85 86 87 88 89 90 m

    Kebun Kacang 11.6 11.5 12.4 13.4 13.5 12.9 1.3*
    Senayan 10.7 10.6 11.7 12.2 12.7 13.5 15.6 17.1 6.4*
    Pulo Gadung 18.7 24.4 25 21.5 23.5 4.8*
    Cengkareng I 3.1 6.2 7.7 7.4 6.2 7.2 4.1*
    Cengkareng II 29.1 30.5 30.6 31.1 32.9 34.2 5.1*
Source: Research Institute for Water Resources   *Decrease

Location
Monthly Average Water Level -m

• OBSERVATION WELLS

Sudibyo, 1999

Annual and Diurnal Jakarta Temperature

AIR TEMPERATURE AT JAKARTA

Indonesia Ministry of Environment & NOAA, BMG

Annual gradient
Hansen and Lebendeff, Hansen and Lebendeff, 
19871987 ; Huang et.all, 
2000 :

The rest is effect of 
heat island

1.4 0 C

Global warming : 0.5 –
0.7 0C/100 year

20052005

The thermal profiles and water levels in 30 
selected wells from 56 observation wells (40 
– 250 m deep) were measured in the study 
area, on 4-21 September, 2006. The result will 
be compared by previous measurement on 
July, 2004

The thermal-profile measurements were 
made at 2-m intervals from the water level to 
the bottom of the hole with a digital 
thermister thermometer of 0.01 C  precision. 

The boreholes selected are monitoring well, 
therefore ideal for thermal studies. Due to the 
time elapsed since their construction, they 
can be considered to have attained steady-
state thermal conditions. 
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Location

• It will put on 35 – 40 -45 
m under the surface.

• Together with automatic 
soil temperature 
measurement ( 50 cm & 
1 meter under the 
surface), automatic air 
temperature
measurement (2 meter) 
and automatic water 
level measurement 
(Pressure system)

4 cm

Replacement new Water 
level recorder pressure 
measurement type

Soil temp measurement 
(1 meter above)

AWLR

T-D Profile 
& Determined Continuous GST 

Measurement Position
In Jakarta Groundwater Basin



Cross Section
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Comparison of T-D Profile in Southern Area
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Sari Sedap II
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Comparison of T-D Profile in Central Area

DPRD Kebon Sirih
(Screen : 220 - 230 m)

0

50

100

150

200

250

25 26 27 28 29 30 31 32 33 34 35

Temperature (oC)

De
pt

h 
(m

)

13-Jul-04 6-Sep-06

DPR GATSU
(Screen : 147 - 185 m)

0

50

100

150

200

250

28 29 30 31 32 33 34 35 36 37 38

Temperature (oC)

De
pt

h 
(m

)

13-Jul-04 6-Sep-06

DPR GATOT SUBROTO 
(Parliament Building) J-28

Comparison of T-D Profile in Northern Area
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GST location include automatic water level 
measurement (pressure system)
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only

GST Location
Base on Data Analysis from 
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Discussion

Marunda Observation Well
(Screen : 213 - 231 m)
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Kota Kota WisataWisata
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Screen : 230 Screen : 230 --240 m240 m
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Water Temp : 37.29 Water Temp : 37.29 00CC
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Screen : 267 Screen : 267 --278 m278 m
Discharge : 0.2 Discharge : 0.2 ltlt/sec/sec
Water Temp : 36.84 Water Temp : 36.84 00CC

Distribution of subsurface temperature gradient.

3 – 5.5 0C / 100 m

Previous groundwater temperatures 
measurement in Jakarta (Sofner et.all, 
1986) state that thermal gradient was 60 C
/ 100 m.

1. Effects of surface layer to the subsurface 
temperature distribution is caught in 0 to -30m 
depth, the natural regional groundwater flow 
still remain in the deeper part of the urban area

2. Change of  the hydraulic head can be 
analyzed from T-D profile and show the impact 
of human activity.

3. High Gradient temperature are indicate in this 
area.

4. In order to infer past climatic change, the effect 
of past environmental change in this area 
should be considered.

Due to the previous measurement on July 2004 
and September 2006, they can be considered :

Also knowing as Ontoredjo, Antareja is a son of Bima and his wife 
Dewi Nagagini, the daughter of Sang Hyang Antoboga, a god 

ascetic living in the seventh layer of the earth. From this marriage, 
a true powerful ksatria, Antareja was born. Educated and trained 
by his own grand-father, Antareja became an unbeatable warrior.

He was so strong with tremendous magic power. He can live and 
walking under the earth subsurface, He also by simply licking the 

footprint of someone, the person would die. 



Effect of urbanization on subsurface temperature in Asian cities 
Takeshi Uemura 

Subsurface temperature in Asian cities; Tokyo, Osaka, Seoul, Bangkok, and 
Jakarta were compared and analyzed to evaluate the effects of surface warming due to 
urbanization.  The magnitude of surface warming was largest in Tokyo (2.8 ), 
followed by Seoul (2.5 ), Osaka (2.2 ) Bangkok (1.8 ) and then in Jakarta 
(1.2 ).  The depth apart from steady thermal gradient shows the indicator of the time 
starting the additional heat from urbanization, which was 140 m in Tokyo, 80 m in 
Osaka, 50 m in Seoul, 50 m in Bangkok, and 40 m in Jakarta.  These results agreed 
with air temperature records in five cities during the last 100 years. 
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Effect of urbanization on subsurface temperature in Asia cities

Taniguchi et al,. 1999Taniguchi et al,. 1999

Taniguchi and Taniguchi and UemuraUemura
(2005)(2005)

(Tokyo)(Tokyo)
29 boreholes  1992/11~12  12629 boreholes  1992/11~12  126--40m40m

((DapaahDapaah--SiakwanSiakwan && KayaneKayane, 1995), 1995)
(Osaka)(Osaka)

37 boreholes  2003/10~11  4737 boreholes  2003/10~11  47--465m465m
(Taniguchi & (Taniguchi & UemuraUemura, 2005), 2005)

((SouelSouel))
15 boreholes  1997/7~2002/7  49815 boreholes  1997/7~2002/7  498--968m968m
(Kim, 2006)(Kim, 2006)

(Bangkok)(Bangkok)
13 boreholes  2006/6  5513 boreholes  2006/6  55--437m437m
(Taniguchi et al, 2006)(Taniguchi et al, 2006)

(Jakarta)(Jakarta)
34 boreholes  2004/7  5134 boreholes  2004/7  51--253m253m
(Delinom, 2006)(Delinom, 2006)

37 boreholes

29 boreholes



Jakarta 34 boreholes

Bangkok 15 boreholes
(City area)
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2.962.96 /100year  R/100year  R22=0.814=0.814
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2.392.39 /100year  R/100year  R22=0.582=0.582

(Bangkok)(Bangkok)
1.641.64 /50year    R/50year    R22=0.631=0.631

Global warming  0.5~0.6/100yearGlobal warming  0.5~0.6/100year
(Hansen and Lebendeff, 1987)(Hansen and Lebendeff, 1987) From KarenFrom Karen
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Preliminary Result of the Subsurface Temperature Measurement in 
Bangkok 

Bangkok, the capital city of the Kingdom of Thailand, is one of the mega cities 
in ASEAN, the Association of South East Asia Nations. The city has been 
developed considerably during the past few decades and at the same time it has 
undergone a lot of environmental problems. Some of the problems this city is 
facing now are groundwater related problems such as land subsidence, 
groundwater pollution and, of course, surface warming owing to the urbanization.  

It is widely known that climatic change is preserved in the subsurface 
temperature profile. Therefore, we can detect how the climate has changed in the 
past years by measuring the temperature profiles in boreholes. This method was 
used in the field work in Bangkok from June 18th to 25th, 2006. A total of 20 
observation wells at 14 different locations were logged by using thermistor 
thermometers with a resolution of 1/100oC. The depths of the wells vary from 
100m to 250m, with one exceptional well which is as deep as 400m.  

Besides, we deployed three long-term automatic temperature recorders in each 
of three observation wells (#61, #17 and #108) at different locations. In addition, 
temperature sensors were buried nearby the three wells in order to record long-term 
soil temperature near the surface.  

 The preliminary results of the borehole temperature profiles are used to 
interpret how the climate has changed and show the groundwater flow systems in 
Bangkok city.  
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→



 

Accumulation of climatological data compared to subsurface temperature in Asian cities 
ICHINOSE, Toshiaki

1987
1951

4.5 /50
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2 /50
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1.5 /50

2.5 /100
1964 1.5 /50 1973 2 /30 1973

1.5 /30

Meteorological data of Thailand are now collected by Kataoka. Especially daily averages in 
points around Bangkok since 1987 are now analyzed. We found warming trend of around 4.5 deg C 
per 50 years at Chiang Mai in northern Thailand and we need more precise examination to notify it. 

Meteorological data of Taiwan are now collected by Bai. Monthly averages in Taipei since 1950 
show warming trend of around 2 deg C per 50 years in both of summer and winter. 

Data observed by Korean Meteorological Administration are now collected by Ichinose. Monthly 
averages of 11 points since 1971 were cataloged. Data in Seoul since 1907 show warming trend of 
around 1.5 deg C per 50 years in the former half of the 20 Century and no warming trend in the 
latter half. Warming trend of around 2.5 deg C per 100 years is observed in Icheon and Incheon, 
especially recent warming is significant. 
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Comparison of Surface Temperature Trends in Tokyo, Seoul, and Bangkok 
Kumi Kataoka, National Institute for Environmental Studies 

The first meteorological observations in study areas of this project began in around 
1900, and the meteorological data approximately past 100 years are available. 
However, there exist movements of observation stations as well as changes of 
observation techniques, although they are sometime ignored and the data are treated 
as continuous data. For example, four times movements in representative station of 
Tokyo and twice movements in representative station of Bangkok are recognized. 
  In this presentation, current environmental situation and past station movements 
about representative meteorological stations in Tokyo, Seoul, and Bangkok are 
presented in addition to surface temperature trends of those stations. Furthermore, 
distributions of meteorological observation stations around representative stations of 
each city are shown. 
  By investigating past meteorological data and past station movements, surface 
meteorological data that are comparable with subsurface environmental data will be 
discussed.



Comparison of Surface Temperature Trends 
in Tokyo, Seoul, and Bangkok

Kumi Kataoka

National Institute for Environmental Studies

(Japan Meteorological Agency 2004)

1950

Outline

1)

2)

TOKYO

4 →3
1875.6-1882.6

1923.1-1964.9

1882.7-1922.12

1964.10-
3

↓

↓

↓



3

1875.6-1882.6 1923.1-1964.9

1882.7-1922.12

1964.10-

BANGKOK
(2006 3 )

BANGKOK 
METROPOLIS

BANGKOK 
METROPOLIS

Thai meteorological department 
(March, 2005)
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Sukhumvit (1951-1991)
(13 44 N,100 34 E)

Chaloemprakiet (1994 -)
(13 44 N,100 34 E)

Bang Na (1992,1993)  
(13 40 N,100 36 E)

Bangkok City

Movement of Bangkok Metropolis station (Latitudes and 
longitudes of old stations are obtained by hearing)

Bangkok Metropolis station
Sukhumvit

Bang Na
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Sukhumvit
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Bang Na

Variation of a) Yearly and b) Monthly mean 
temperature at Bangkok Metropolis(1951-2004)
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Bang Na
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Thank you for your attentions

Meteorological Data used are  from
• JMA (Japan Meteorological Agency)
• TMD (Thai Meteorological Department)
• KMA (Korea Meteorological Administration)

Kumi Kataoka
kataoka.kumi@nies.go.jp
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*Worsening floods, subsidence and over extraction of groundwater in Metro Manila, 
Philippines 

1Fernando P. Siringan, 2Kelvin S. Rodolfo, 3Romeo Jacob, 3Enrique Macaspac, 1Janneli Lea Soria, 
and 1Peter B. Zamora 

1The Marine Science Institute, University of the Philippines, Diliman, Quezon City, 1101 
Philippines 

2Department of Earth and Environmental Sciences, University of Illinois at Chicago, Chicago, IL, 
USA

3Coast and Geodetic Survey Department, National Mapping and Resource Information Authority, 
Philippines 

Rainy-season floods in the coastal towns of Metro Manila continue to increase in frequency, 
magnitude, extent and duration. Doubtless, land cover changes and decreased capacities of 
man-made and natural drainage systems contributed to this problem; however, a similar trend in 
flooding due to high tide alone indicates that subsidence is occurring.  Changes in high tide levels 
since 1991, based on social surveys and re-leveling of benchmarks, indicate subsidence of several 
centimeters per year, exceeding 10 cm/y in some places.  Parallel trends of water abstraction 
records and relative sea level rise documented by tide gage records indicate that groundwater 
withdrawal is the main cause of subsidence. Lateral variation in the magnitude or rate of subsidence 
appears to correlate as well to thickness of alluvial deposits and abundance of clay in the underlying 
sequences.  As groundwater continues to be overexploited by rapidly growing populations, 
subsidence will persist and likely will accelerate, further worsening flooding. Ongoing 
flood-mitigation projects have doubtful efficacy, and their life spans will be much less than 
projected because subsidence has not been properly considered in their designs. Project RIHN 2-4 
can contribute to refinement of spatio-temporal variation of subsidence and in formulation of 
recommendations for mitigation measures.  
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The Philippine Islands
In 2005 

Population – 87.9 M

In 2005

Population - 11.3 M 

Metro Manila

14 cities and 3 
municipalities

Metro Manila

636 km2 or 0.2% of 
country land but hosts 
12.9% of the country 
population

Manila Bay

Laguna 
Lake

Northern
Luzon 
Valley

Cavite
Highlands

Sierra
Madre

Topographically, Metro Manila is composed of 
coastal lowlands along its western side, a central plateau,
and alluvial lowlands on its eastern side.

1942 - high water levels inundated the 
city for several days 

first widely recorded instance of serious 
flooding - (Fano, 2000 in Bankoff, 2003)

but in the past 40 years - flood frequency, 
depth, duration and coverage are 
increasing
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Every year, 80% of the rains

(season of SW winds and typhoons)
come during the 6 rainy season months
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Malolos

Valenzuela
MANILA

San 
Fernando

Pinatubo

The SW winds that bring in much rain …

SW winds

also piles up 
seawater along 
the northeast 
coast of the bay

This  increases 
the high tide 
level.

But it has always been this way , so why 
the worsening floods?

…which dams 
the outgoing 
flood waters.

channel capacities decreased by…
encroachment of structures …
river bed aggradation … from sediments 
and garbage

Worsening floods in Metro Manila is typically 
attributed to insufficient drainage …

small rivers, estimated at 21 km, have 
disappeared (Zoleta-Nantes, 2000) – converted 
for housing or other uses

drainage structures are outdated relative to 
degree of urbanization … some are century old

At present, flooding affects all areas of Metro 
Manila, but some areas are more vulnerable 
than others due to their location and height 
relative to sea level. 

About 20% of Metro Manila is designated as 
flood prone of which 59% suffer frequent and 
longlasting inundation (MMDA in Bankoff, 
2003). 

Floods that now last 
for months occur in…CAMANAVA

and  the Pateros-
Taguig-Muntinlupa
areas where floods are 
due to elevated lake 
levels during the rainy 
season

But in CAMANAVA, 
floods can be caused 
by high tide alone…
but this was not so in 
the past

Increase in highest tide, 1991-2002 (meters)

In CAMANAVA - sea level appears 
to rise 4.5-9.1 cm/y

At Manila‛s South Harbor mean sea level rose at about 
2 millimeters per year from 1902 to the early 1960‛s. . .
. . . then started rising ten times as fast. WHY?

Groundwater withdrawal!

<20 million liters 
per day (MLD)

250
MLD

778 MLD
However, JICA 
(1992) asserted 
that subsidence 
due to 
groundwater 
withdrawal is not 
likely as the 
aquifer system 
is comprised 
predominantly by 
volcanic tuff.



Magnitude of 
subsidence (in 
meters) from 
1978 to 2000 
from re-leveling 
data (Jacob 
2004)
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Metro Manila Water Demand
(JICA, 1992 and CEST, 2004)

• 1,278 M3m in 1990 (7.9 million people) 

– 361 M3m from groundwater
• 328 M3m abstracted by private wells

• 2,140 M3m in 2004 (10.2 million people)

– 680 M3m from groundwater
• 647 M3m abstracted by private wells

Annual recharge, given the land use and climatological
conditions in 1990, is estimated to be at 206 MCM



Project plans
Polder dike

“Regulation 
ponds”

CAMANAVA 
Flood Control 
Project

Project design 
assumes that 
subsidence -

•is in the order of 
a few millimeters 
per year

•that the rate is 
relatively uniform 
across

•will be even more 
minimal in the 
coming years

Segment of River in CAMANAVA about 850 meters 
from the coast

River wall with newly raised top 
35 cm from top of old wall

Site of 10 August 2006 tide 
monitoring

Project design says top of new dike is 2.60 m above MLLW 
so old wall which was supposed to be at 2.25 m above 
MLLW
But highest tide of 1.52 above MLLW in 10 August 2006
overtopped the top of the river old wall

Proposed area of 
coverage of 
another flood 
control project

Assumes that  
subsidence has been 
minimal in recent years
and will be in coming 
years

Subsidence due to over extraction of 
groundwater appears to be a major contributor 
to the worsening floods in Metro Manila.

But this relationship is still poorly understood.

There is an urgent need to understand it better 
so development of Metro Manila can be better 
planned and implemented.  

We would like to employ SAR interferometry
combined with GPS and Total Station re-leveling 
of selected benchmarks in Metro Manila.



Clue for solving problem from a cross-cutting view –A Case of Bangkok 
Kazuya Suzuki JICA Thailand Office 

I describe some view points for cross-cutting issues of this project based on recent Thai 
governmental policy and its infrastructure development. In Bangkok, there are many impacts 
to underground conditions, and we should consider like these impacts like construction of 
sewage treatment plants, tentative flood storage facilities, progress of civil engineering 
technology and so on. Also, I also reconfirm justification of our project from trend of JICA’s 
activities. JICA sets four important development issues for Thailand and one of them is 
“Development issues in maturing society”, one of which program is for environmental 
management system. This shows that Thai government has strong interest for this issue and 
has capability to reflect to their policy and implementation from results of this project. From 
now on, we should consider next fiscal year’s plan, I recommend inviting Bangkok 
Metropolitan Administration (BMA) for this project counterpart, as the same time, I also 
recommend that we should consider how to make efficient logistic arrangement for each 
survey in Bangkok. 
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