Making use of extreme events
for scientific analysis
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Extreme events:

e are opportunities for knowing the unknowns,

* indicate the probable maximum capacity of the
system, and

e can tell us better ways for disaster management.

Extreme events are not large noises; they are useful signals.

Why don’t we make use of extreme
events for scientific analysis?




Many extreme events

* Great Eastern Japan Earthquake and Tsunami in
2011 suggested the importance to consider
possible largest events.

* So are other recent events:
- Thai flood in 2011
- Storm rain in the Kii Peninsula in 2011
- Typhoon Storm Surge in the Philippines in 2013
- Snow in Yamanashi in 2014



Catastrophic meteorological/hydrological extreme events
in the 215t Century (Takara, 2013)

2002  Central Europe Flood 20,000+ 69
2003 Central Europe Heat wave N/A 70,000+
2004  Haiti, Dominique Flood N/A 2,000

2004  India, Bangladesh, Nepal, Flood N/A 1,000
etc.

2004  Indonesia + 13 countries  Indian Ocean earthquake 14,000 230,000
and tsunami

2005 USA Hurricane Katrina 14,400 1,322
2007 Bangladesh Cyclone Sidr 1,700 3,447
2008 Myanmar Cyclone Nargis 10,000 138,366
P . — . 170
Note: Many catastrophic events are taking place in the 78
world. 525+

Russia Heat Wave 15,000 55,000+

Pakistan Flood 43,000 1,781+

Japan Earthquake, tsunami 235,000 15,840
Thailand Flood 45,700 813

The Philippines Typhoon, high tide N/A 6183+1785




Heat wave in Europe in Summer 2003

FIGURE

Daily excess of deaths during August 2003 and minimal
and maximal daily temperatures, France
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Note: Heat wave 1s a serious climate change-related
disaster. Even 1n Japan!
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Figure 1.70 July 2003 day-time land-surface temperatures collected by the Moderate Resolution Imaging Spectroradiometer (MoDIS)
on NASA's Terra satellite are compared to temperatures for July 2001. Over large areas, particularly in France, the UK, Germany and east-
ern Europe are up to 10°C higher. Image credit: Reto Stockli and Robert Simmon, NASA Earth Observatory Team.



Thailand Flooding in 2011
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Note A ﬂood dlsasters far away affected Japanese economy.
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By courtesy of Mr. Kimio Takeya (JICA)



Comparison of Inundated Area by Tsunami with Tsunami Hazard Map

Comparison of inundated area by the tsunami of the 2011 off Comparison of inundated area by the tsunami of the 2011 off the Pacific Coast
the Pacific Coast of Tohoku Earthquake with Tsunami Hazard Map of Tohoku Earthquake with Tsunami Hazard Map
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Note: Hazard maps may give misunderstandings. 18



Two examples shown here

e Example-1

Forests dam or so-called “green dam”

e Example-2

Probable maxima and their application



Example-1

Forests dam or “green dam”

 There have been big discussions about artificial
dams, which are said to:

- destroy the environment

- be wasting tax

- be buried by sedimentation eventually
 Mountain forest = “green dam”

- is sufficient for flood control

- can store enough water resources

- can reduce sedimentation, prevent soil erosion

Let’s clarify the max- capacity of the forests dam!




Example-2
Probable maxima and their application
* Great Eastern Japan Earthquake and Tsunami

suggested the importance to consider possible
largest events.

 There have been record-breaking rainfall,
flood and tsunami events.

e Radars have detected such extreme rains

* More than 100-year observations at many
locations.

Let’s use such extreme values for design practices!




Example-1

Forests dam or so-called “green dam”
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Study events

Cases when the dam catchment is saturated by heavy
rainfall after a severe drought.

Heavy
rainfall

Extremely dry

Typhoon No. 17 in 2005 (Sep. 6)

Drought and flood in 2007
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Grid-cell distributed runoff model

* Developed by Kojima, Takara, Oka & Chitose (1998)

* Covers the catchments with square grid and trace water to
the steepest directions, which are decided by DEM (digital
elevation model)

» Uses the kinematic wave model in each grid-cell for surface
and subsurface runoff calculation:

- Tachikawa, Nagatani &Takara (2004)

cf. Ishihara & Takasao (1963)
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Saturated and unsaturated subsurface
flow kinematic wave model

Capillary flow is dominant

Non-capillary pore
fiow

Capillary pore
unsedurated fiow
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Example of water retention simulation in surface soil
layers by the Grid=cell distributed runoff model

The Takatoki River catchment

Water Level Reader Data

0.00 0.33 0.67 1.00 0.00 1.67 3.33 5&]8




Grid-cell distributed runoff
model in the Takatoki River
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The merits of dam catchment analysis

 Upstream catchment is covered by forest

* Runoff from forest areas can be quantitatively
evaluated at dam site

Heavy
rainfall
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Sameura Dam (2005)

2005/05/19
Started reducing water intake

2005/09/04
0 % usable water capacity

651.4 mm Rain
by Typhoon No. 14

2005/09/07
100 % usable water capacity
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2005/08/11

2005/09/06

2005/09/06

Oodo Dam (2005)

Started to reduce water intake (more than 30%)

22.7% usable water storage

622.7 mm Rain
by Typhoon No. 14

4,655 m3/s Inflow
Historical Maximum

327% usable water storage
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Catchments of interest

Oodo Dam
KiES L

Sameura Dam

BEARY L
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Dams in Shikoku Island
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Sameura Dam catchment

Sameura Dam

* Upstream of the Yoshino
river

e Catchment area: 417km?
e Total volume: 316 million m

* Effective capacity: 289 8

million m3 — o

i

2iAA

* Forest: 86% =

FINRUHEE

* Paddy field or waste land:

10 % Land use of Sameura Dam catchment
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Oodo Dam

Oodo Dam catchment

Upstream of the Niyodo
river

Catchment area:
688.9km?

Total storage volume: 66
million m3

Effective capacity: 52
million m3
Forest: 89 %

paddy ﬁeld or WaStE|and: Land use of Oodo Dam catchment
3%
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The Niyodo River and Oodo Dam source: mum
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Water retention in Sameura Dam catchment is
estimated as 150 mm by statistical analysis
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Water retention on mountain slopes cannot reduce
the peak discharge for heavier rainfall events
(Sameura Dam catchment: 2005/09/04-07)
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Another case
Sameura Dam (2007)

May 2007  Started reducing water intake

7/3/2007 23.5% at usable water capacity

718.8 mm Rain
During a couple of days

2007/07/15 100% at usable water capacity
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Model calibration at Oodo Dam catchment
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Runoff model parameters calibrated
for Oodo Dam catchment (2005)

_
_!l_
. Nfi | Agriculturalfield | 01 |
N | Orchard | 01 |
. Nfo | Foret | 04
. Nu | Urbanarea | 01
. Nwa | Waterarea | 08
.. ]
 soilparameters | |
. GANMAS | @a | 0275
. BETAC_ 8 8
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rain/discharge/storage in water height (mm)
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Model calibration at Sameura Dam catchment (2005)

Runoff
calculation
result
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Runoff model parameters calibrated
for Sameura Dam catchment (2005)

 Manningcoefficent | landusetypes | |
. Np | Paddyfield | 005
N | Orchad | 01
. Nu | Urbanarea | 01
. Nwa | Waterarea | 08

0.002

Soil parameters I
. GANMAS | 6a | 0255
_____BTAC B8 | 8
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Model calibration at Sameura Dam catchment (2007)
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Runoff model parameters calibarated
for Sameura Dam catchment (2007)

 Roughness coefficient | landusetypes | |
. Np | Paddyfield | 005
N | Orchad | 01
. Nu | Urbanarea | 01
. Nwa | Waterland | 08
]
 soilparameters | |
. GANMAS | 6a | 0255
__ BETAC_ | B8 | 8
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Max 102.64 MCM
at 21 on 7/4/2007
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= = cumulative rainfall

Water storage at saturated zone, unsaturated zone and whole

38
catchment at Sameura dam catchment.
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Flood control function of “green dam” is
estimated as 114-173 mm

Sameura
2005

Sameura
2007

Total rainfall (mm)

651.4

Max of catchment mean rainfall (m3/s)

4,483

Max dam inflow (m?3/s)

5,405

Max dam outflow (m3/s)

776

Max of storage capacity at the catchment (10* m?3)

10,283

Flood control function of catchment (mm)

114

Cumulative rainfall (mm)

536.5

Dam storage volume (mm)

363.0

Cumulative outflow (mm)

2.0

Max of dam storage volume (10* m3)

25,781

Effective dam storage volume (mm)

693.0

Values obtained at Oodo Dam and Sameura Dam catchments during the study events40




Summary

(1) The rainfall-runoff analysis based on grid-cell distributed
runoff model indicates that flood control function by
forest (“green dam”) is equivalent to 114 mm to 173 mm
for such forest-rich catchments as Oodo and Sameura
BDET I

(2) Water storage capacity of forest is estimated around
100~200 mm by other research (e.g., Takara et al. 2004),
wich is the same results.

(3) It is very important to implement flood control using
combination of forest, dam and other facilities, as well as
to keep enhancing the water storage capacity of forest
and ground where the chance of flood is high.

41



Effects of flood control by the artificial
dam

e MLIT (2009) estimated that the river water
stage was lowered by 1.4 m at Mori, the
Niyodo River by the dam, comparing with no
dam assumption case.

* Japan Dam association estimated that the
river water stage was lowered by 5.2 m at
Motoyamabashi.

)



Raingages and Thiessen polygons
in Oodo Dam catchment
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Raingages and Thiessen polygons
in Sameura Dam catchment
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Example-2

Probable maxima and their application

45



Study events

Cases when the record-breaking severe events took
place.

Typhoon No. 10 on August 1, 2004

Tokai Rainstorm on September 11, 2000

Nasu storm and flood in August 1998

Typhoon No. 12 (Talas) in the Kii Peninsular

September 2011

46



Old and New Issues in Hydrological Statistics

* Proba
* Proba

* Proba

0
0

0

e Maximum Precipitation (PMP)
e Maximum Flood (PMF)
e Maximum Tsunami (PMT)

which are useful for considering extreme events
that exceed the design level

* Depth-Area-Duration (DAD) analysis

Takara, Hashino and Nakao (2000) 47



Japanese record at Kaikawa
on 1 August 2004

Typhoon No. 100 August 1, 2004
Saka, Kizawa Village, Tokushima

A bridge of Route 193 was washed
away. Tunnel entrance was buried.



Precipitation records in the World and
in Japan and the probable maximum
precipitation (PMP)

¢ World record (mm)

@ Japan record (mm)
— — — PMP estimated by W. R.
PMP estimated by J. R.
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Recent record-breaking precipitations in Japan are also
indicated.




September 2000 Tokai Rainstorm

[ Maximum hourly rainfall 93 mm, Maximum daily rainfall 428 mm at Nagoya

114’ W ﬁ

Dike break at Biwajima, Aichi, September 12

Damages
Inundated houses: about 70,000
Economic damage: 6 billion USD

20




Tokai Rainstorm on September 11, 2000
Historical maximum daily
rainfall (428 mm) at Nagoya

l

0
1891 1990 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

o1



Tokai Rainstorm (September 11, 2000)

Rainfall at Nagoya &5 &
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Gumbel Probability Paper (Cunnane Plot)
y =0.0247x - 2.1453

Nonparametric frequency analysis
with PMP (a method not using
Probability distribution functions)

Annual maximum
rainfall at Nagoya

INRRERRNI
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Daily Precipitation (mm) at Nagoya, Xi
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August 1998 Naka River (Nakagawa)

[ Max hourly rain: 90 mm, Total rainfall 1,244 mm in S days in Tochigi Precture

Naka River at Mito, Ibaraki Pref.

Naka River (MLIT)
Inundated area: 1,726 ha
Inundation above 50 cm: 575 houses

Inundation below 50 cm: 436 houses




Nasu storm and flood in August 1998

The Naka river basin
1200 mm rainfall in 5 days

The length of the

. km
main stream

The catchment area km?2

Record-breaking severe storm occurred
from August 26th to 31st, 1998
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Two radars

% Each grid cell

» Akagiyama radar

 Takasuzuyama radar
* 45 ground raingages (hourly rainfall)

Accurate Spatio-Temporal Distribution of 1998 Storm
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Akagi-yama

Takasuzu-yama

Elevation of scanning lines Correlation coefficient of reflective factors in dBZ
between Akagi-yama and Takasuzu-yama.

rl

"

Mean reflective factors in dBZ Mean reflective factors in dBZ
at Akagi-yama. at Takasuzu-yama. =



DAD equation (modified Horton equation)

2 i Y [
Rainfall Distribution in Time & Space R...,best estimate

P(A,t)=at"expyu-t" (4 - 4,)" |

Modified Horton equation

Sherman equation
B DA relationships

B Nonlinear Optimization Technique

DAD analysis

PMP
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Results of DD analysis
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Methods for estimating DA (Depth-Area) relationship

Constant Area Method (CAM) Fixed Rainfall Method (FRM)
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Results of DAD analysis (1)

Nonlinear Optimization Technique
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Results of DAD analysis (2)
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Grid-cell Based Rainfall-runoff Analysis

PMP (DAD equation) gi}nfaII:F“g&A

e Area of basin Actual historical rainfall
_ -
e Time of concentration distribution in time and space
PMS (Probable Maximum Storm)

100m Land Use
digital map

: |

50m DEM

e Flow direction map Grid-cell based distributed
R kinematic wave model M Surface roughness
Slope
PMF (Probable Maximum Flood)

63



Conditions and Results of estimating PMF

Input PMS into the grid-cell based distributed runoff model.

The parameters of the model is adjusted to reproduce the peak discharge of 1998 flood at
Kawahori.

Assume that runoff ratio is 1.0 (no rainfall loss).

Kurobane —> 6,730 Oguchi — 11,790 Kawahori —» 15,370
( ) (m3/sec)

The PMF at Oguchi (11,790 m3/s) is about two times larger than the 100-year

discharge at Oguchi (5,412.1 m3/s).




Results of DAD analysis (1)

Nonlinear Optimization Technique
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DAD analysis using with DAD analysis using with
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Suggestions
are coming: NPF (non-parametric
frequency) analysis could be a best solution.

by statistical or physics-based approach can give a
good guide for longer return-period events.

Even for , combination of NPF and
PMP is useful.

DAD (depth-area-duration) analysis can be reorganized
by : raingage networks, radars and
satellites. can be derived by using and modern

hydrological models for flood disaster risk management.
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Typhoon No. 12 (Talas) in the Kii Peninsular
September 2011
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DAD analysis to evaluate maximum rainfall

D A D = Depth~Area~Duration relationship

i
=
=S

Kuwahara’s DAD analysis based on
raingage data




DAD study areas
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Radar-AMeDAS rainfall used

Year. month Spatial resolution Time interval Geodetic
reference

1988. 1~2001. 3 5 km
Lon. 0.05°
Lat. 0.0625°

Lon. 0.025°
2003. 6~2005. 12 Lat. 0.03125° 30 min Wor Id
(Prev. 1 hour)

2006. 1~ 1 km 30 min Wor Id
Log. 0.0083° (Prev. 1 hour)
Lat. 0.0125°
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DAD analysis methods

M
)
Y:

EEREE —ERRICHT 2EENED K FEM, FRMIZ EE~
RiEZFHET 5, INE LY
CAN LB OREZEHIMZEE
L 7= EFEE 5%,
miEEE % MEORAEZENL TREZ HACANEL Y K=
(EREEE) HE LEEREZETET b, CFRME RIFRE
M A MR T
WAIEEICIE.
FEM FRMd Y /v <
Mlichn b,
WEREEE MEREULOMEZENL T ¥4 CAM, FEM &
(538135 B e BY) HEMEZEET % ) REFLY,

HEMEICE T, HhHEIEIC
Xt L T&KRBEY 5 5MERT >
> )LEFHET & Fik.
E iR = O FHE#FE R (T X 53
DEYFITHESI NS,

FRM

71



Areal rainfall depends on DAD methods
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DAD analysis results fo 6-hour rainfall

Kii Peninsular Shikoku
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DAD analysis results (12-hour rainfall)
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DAD analysis results (24-hour rainfall)
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Radar rain and raingage data
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DA analysis updated the maximum rainfall
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Updating maximum rainfall by DA

analysis
Spatial rainfall distribution when 24-hour rainfall updated
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Simple PMF estimation in the Kii Peninsular
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Conclusions

* Extreme events give us new findings in
hydrology, water resources and river

engineering.
* When extreme events take place, intensive
research is necessary from various viewpoints.
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