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Climate variability & Climate change

+ “Climate variability” means variations from the average
climate or other statistics (standard deviations,
frequency of extreme values, etc.) on all temporal and
spatial scales larger than individual weather events. It
includes short-term variations on temporal scales of
seasonal, interannual, and longer.

« “Climate change” refers to a long-term changing trend of
climate. It means clearly noticeable changes in the
average state of climate over a period of at least several
decades, captured by such recognition of weather as
warmer as or drier than before, or of duration of
sunshine as longer or shorter than before.

Japan-MEXT, JMA and MOE (2009) Climate Change and Its Impacts in Japan
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Schematic view of climate system

Global annual precipitation ratios from
1880 to 2008

120

Global annual precipitation
ratios

o b1 |

the 1971 — 2000 average

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Changes in
Solar Inputs
Clouds
Atmosphere ——r——T
VIV AV AV A A
;g F 8 f s
N, 0, Ar, o LS50
H0,CO, CH, N, 0, otc.  ‘OC2mchctiy Gl
Aerosols . Atmesphere-Biosphere
Atmosphere- Interaction
Iee Precipitation
Interaction Evaporation
Ten'!:sl_rial \ -
Heat  Wind . Radiation _Hyuman Influences .
Exchange Stress
@ Biosphere
Sy, L
— o
< 3 Land Surface
Ice-Ocean Couplin : Changes in the Cryosphere:
g ng:;sg'}g:es 1 Snow, Frozen Ground, Sea Ice, lce Sheets, Glaciers
Changes in the Ocean: Changes infon the Land Surface:
Circulation, Sea Level, Biogeochemistry Orography, Land Use, Vegetation, Ecosystems

http://co2now.org/Know-the-Changing-Climate/Climate-System/ipcc-fag-climate-change-weather.html 5

A | 1] | L1 | f_&q . .{"

\
five-year running mean

y [ L[] ]

1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Year

Ratio (%)

90

6
Fluctuation of annual rainfall and Projection of change in precipitation
occurrence of drought in Japan (1900-2005) 3 )
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A: Lake Biwa drought(1939), B: Tokyo Olympic drought(1964), C: Nagasaki drought(1967),
D: Takamatsu desert(1973), E: Fukuoka drought(1978), F: Nationwide winter drought(1984),
G: West Japan winter drought(1986), H: Metropolitan area drought(1987), I: Japan Islands
drought(1994), J: Matsuyama drought(2002), K: Chubu and Shikoku area drought(2005)

These are comparisons between the 20-year average from 1981 to 2000
and that from 2081 to 2100. Precipitations are shown as percentages

(%). These are projected results under the A2 scenario that use RCM20. 8




Fluctuation of annual rainfall and its trend
(1960-2010)

Data from 11 rainfall monitoring
stations in North Vietham
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Conventional Water Resource Development
and Urban Water Use in Japan

Surface water dependent

e
\\\\ Dam storage type

One-through water use

Escalated water demand
=Groundwater abstraction
=Ground subsidence
=Shift to Surface water
=Dam construction
=Eutrophication problems

Treatment Plant

Water resource and
Water supply system in Tokyo
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Concern about the sustainability of
urban water use

Increased water demand had led to the dam construction
at the upstream and the extensive water withdrawal from
rivers in Japan.

Stable water supply and efficient water use have become
concerning in growing mega cities in Asia.

Efficient water use have been implemented to reduce
water intake from natural water system and to secure the
sound water cycle.

Achievement of the sustainability is required ensuring a
long-term water supply with adequate quality and
minimizing adverse economic, social and ecological
impacts.
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Research area: Innovative Technology and System
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Climate change Water scarcity

Problems Recognition

» Safe and stable water supply is strongly required in
highly-populated metropolitan areas in Asia. However, the
current water resources are vulnerable in those cities.

« Climate change would accelerate localization of available
water resources and consequently it would become more
difficult to keep stable water supply.

» To assure the safe and stable urban water supply, we

must discuss the availability of “rainwater”, “groundwater”,
and “reclaimed water” as well as surface water.
» Such “urban self-owned water resourcces ” are precious

and very important to solve water resource issues in
urban area.
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Core Research for Evolutional Science and Technology (CREST)

Research area
Innovative Technology and System for Sustainable Water Use

“Development of well-balanced urban water
use system adapted for climate change”

Research Director: Prof. Hiroaki FURUMAI, University of Tokyo
Research Period: From 2009 to 2014

Forecasting Management of
available water rainwater and urban
resources runoff Designing of
urban water use
Urban groundwater Water Quality
management Assessment of
strategy Urban water

18

Project outline

» Reexamination of the use of rain water, ground water, and
reclaimed water is required to cope with the further localized
water resources due to climate change.

* We develop novel evaluation approaches for risk and
stability of water quality and devise methods for water use
design by considering environmental cost evaluation and
preferences of various users.

* In order to create innovative strategies for urban water use
under climate change conditions, comprehensive predictions
is carried out to evaluate changes in weather and
hydrological conditions in watersheds resulting in dynamic
variations of water quantity and quality.

« Finally, we propose well-balanced urban water use systems

in which the equilibrium between water supply and demand
is maintained. 19

Installation of rainwater and reclaimed

water use facilities
Total : 3289 facilities in 2007

Reference: White paper on water resouces in Japan (2009)
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The number of facilities has been increased since 1980s, in
which government financing system was introduced.
Rainwater harvesting facilities: ap. 1600 in 2007 29




Application of rainwater and
reclaimed water

2439 Reference: White paper on water resources in Japan (2008)
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Milestones of rainwater harvesting facility
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Tokyo Sport Stadium
(Tokyo Dome) 1988

Reclaimed water use in Japan

The annual treated wastewater is 14.4 billion m? in Japan.
1.4 % of the treated wastewater is reused.
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Applications of reclaimed water in Tokygg/
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Water use percentages of domestic purpose
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groundwater
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Development of well-balanced urban water use system
Summary adapted to climate change
5 Research
+ Rainwater and reclaimed water have been applied to meet the Assessment of various Group
mcregsed water demand in urban area. From'the wewpomt of water resources from | .- of Available Water Resources “‘chzg?rlooratlon
sustainable water use, they have been recognized as precious the aspect of water use in Watersheds 0

urban self-owned water resources. They can be applied for
multiple purposes of miscellaneous water use.

* In order to promote the rainwater and reclaimed water use,
water quality should be managed to secure the sanitary safety
and aesthetic appearance. Therefore, we have to pay attention
to possible contamination in rainwater and proper control of
water reclamation. For the purpose, WQ standard should be
established based on available treatment technology.

* We also have to consider the necessary energy consumption to

produce and supply the alternative water, comparing with
current water supply system. In addition, we have to provide
information on the various water resources to water users.

27
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Thank for your attention

Hiroaki FURUMAI
furumai@env.t.u-tokyo.ac.jp
Professor, The University of Tokyo

‘_ Surface water dependent

\_\ Dam storage type
Ome-through water use

Watershed-based Sustainable Urban Water Use

el Development of self-owned
waler resources in wrban

Use

-Toward Sustainable Water Use-
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Appendix

1) Watershed Water Resources group conducts advanced hydrological simulations
in watersheds to evaluate the influences of climate change on the availability
(quantity and quality) of surface water and lake water.

2) Urban Rainwater Management and Use group collects information on amount
and quality of rainwater and runoff water and then discuss possible strategies of
rainwater harvesting and groundwater recharge by promoted infiltration.

3) Urban Groundwater Management and Use group investigates the current status
of groundwater quality and recharge mechanism. Additionally, this group
develops an innovative treatment technology including arsenic removal to
provide safe water.

4) Water Quality Assessment group develops and proposes a comprehensive
method and a novel index to evaluate quality risk of surface water, rainwater,
groundwater, and reclaimed water. The method is for “comprehensive risk of
health-related microorganisms” in which infectivity or viability of pathogenic
microorganisms including virus is incorporated in risk evaluation. The index is
named as “water quality transformation potential” in which biological stability of
water during storage and distribution is examined.

5) Urban Water Use Design group devises a totally systematic method for
designing water use by evaluating environmental cost and user preferences.
Through the designing process, information and knowledge on the various water
resources are shown to water users utilizing the outcomes of above four groups. 30

Framework Water Resource Research Group
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Framework Urban Rainwater Research Group
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Usage

Heavy metal, Health-related microorganisms,
Nitrogen etc

Heavy metal maker and Nitrogen stable
Isotope analysis for source apportionment

Quality Evaluation
of Rainwater and
Stored Rainwater

Urban Surface

Sewerage Sampling of rainwater
system and road runoff
Pollutants dynamics = Rainwater Quality Data
Collection

Infiltration facility

Shallow
Groundwater Management Proposal of Rainwater

Usage Infiltration Faculties in Urban Area

Groundwater Urban Rainwater quality database
Road runoff management
Rainwater use system

Risk of groundwater contamination

Collaboration with Groundwater Group

32




Framework Urban Groundwater Research Group

Framework Water Quality Assessment Group
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33 during Water Storage and Distribution 34
Framework Urban Water Use Design Group
Proposal of design method for sustainable urban water use system
considering environmentally-conscious technology and societal system
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Information on available amount and detailed quality of water
resources should be given to stakeholders of water use.
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