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Rapid Enhancement of Computer Power

@ The power of the computers we could use in R&D Center has been
increased rapidly. One concrete thing that we could say is that the
hydro-modelers here extensively utilized those powerful computers
and really enjoyed the performance of their models.
Consequently, many of them build parallel computing programs by
themselves. Those reduces the computer time significantly and
thus works became more efficient.

@ One of the good example is urban inundation analysis. Use to be, it
was almost impossible to setup the inundation model including
urban drainage pipes but now it became popular. Here, we have
the NK-FAM.

@ Moreover, the power allowed modelers to handle other
parameters/variables. For example, the NK-Hydro2D was only
capable of reservoir sedimentation analysis before and now it can
handle vegetation analysis of the river riparian area too.

NIPPON KOEY
4

Available Data Became Densely and Various

@ Tremendous amount of data that is available in public
access or collected by field surveys using sophisticated
equipments like Laser-Profiler(LP) on the airplane,
introduced new ways to hydro-modelers for making so
robust models. LP data is widely available in Japan and
management of such a huge data sets are performed
daily.

@ New winds from the meteorology bring some lovely
confusion to hydro-modelers. That is bias collection of
the outputs from climate models.

NIPPON KOEI
5

Requirements for the Modelers

« Replacement of relatively simple and conceptual
models is the trend of this decade.

« The environmental issues are now commonly
concerned among the society in addition to disaster
prevention and utilizing the available water. In such
issues, as the problem is affected by many parameters,
it is difficult to apply scaled physical modeling approach.
Instead, the numerical modeling approach is becoming
widely adopted.

« To reduce the study cost, in some cases, the numerical
model is adopted instead of the scaled physical models.
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Timeline of our models in R&D center. Story 1: Enhancement of Hydrological Cycle Model.
5 8 S 8 S g '
S ] @ o] 5] S S ® Over two decades NK has developed several Hydrological Cycle Models.
2'c In the first stage, SHER model was developed by Dr.Herath and it was 23
58 qf DWM | NK-FAM ) years ago. In the second stage, as the computer power became strong, a
&5 NK-F D grid based distributed model NK-GHM was developed and applied.
- pLumMP _SHER ] ® At present, latest numerical modeling scheme, non-structured grid system,
have been used for developing new model and that is NK-UHM.

Management

Watershed
)
4 E Bl

Rainfall

| Rwer fow I

MK-Hydro )
River bed deformation/Sediment Management
Vegetation

Management

Infitraton
Subsurface flow

rosU
Water Quality
[ NK-SSM
NK-STAM

NIPPON KOEY
7

In/Off Shore
Management

NIPPON KOEI
8

Story 1: Enhancement of Hydrological Cycle Model. Story 1: Enhancement of Hydrological Cycle Model.

® NK-UHM h lied i hed i Iso in | ia.
Ul as been applied in many watershed in ?apan and also in Indonesia 1. Unstructured Mesh; Excellent mesh geometry.

4 2. Physically Based; Express 3D soil water movement.
» " =~ = 3. Parallel Computation; High-performance computing.
Kando river

Rainal

Ishikari & Teshio river
Flood forecasting
flood forecasting . ’
¢ Kurobe river
flood forecasting

Tsurugi river
Debris flow analysis Tedorii
o 3 edori river
flood forecasting

Chikugo & Onga river

Flood forecasting
Oyodo & Omaru river {

flood forecasting

Rerton F

o ron 7
Nk 7 Surtace ow
i

" esutace o ~~]_

Tenryu river

Dam inflow forecasting

M Miyake Island
Erosion analysis

© RS
BATTL
—mETL

Sakurajima Island - 150 .
Debris flow analysis | /
: Awaiji Island Rokko Mountains u L
. Flood forecasting Sediment disaster \ _——1 ) 7 -
NIPPON KOET

NIPPON KOEI
9

Bawakaraena mountain, Indonesia debris flow analEls

Story 1: Enhancement of Hydrological Cycle Model. Story 2: Flood plain Vegetation
® Twenty years ago, who can imagine that the unsteady flow models can
became applicable efficiently. solve the complex phenomena like vegetation growth/flush in riparian area.
® NK-UHM divide the watershed into several sub-watershed and assign ® At present, NK-Hydro1D and NK-Hydro2D are capable of solving such
CPU cores to each of them. When 8 cores are available, the performance complex problem.
of the NK-HUM is 8 times faster than the conventional computing.

® With the help of parallel computing technology, a complicated model

@ Destruction of vegetation by flooc

The concept of the
vegetation analysis
model coupled with
NK-Hydro1D.

Vegetation

Fine-
sediment
layer

T Bed deformation |
and Bare land |

conventional method

8 times faster than the ‘ ‘

" \
B Invasion of vegetation & Transition of vegetation
Hithat disturbonce The increase in soi)

i 5 certaiv period fayer thickress
600 -
0 ] Trpe | Type §
. n - -

w0 Ponear wegstation

1000

HwamEs

¢ ‘ ” " * 2 o mH s st RO Y
NIPPON KOET
1

NIPPON KOEI
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Achievement: Flood plain Vegetation

® The models has been applied in major rivers in Japan.
® The result form the model was compared with the field survey and found
that the model shows promising future perspective.

Application example: Yoshino-river, Shikoku-Island, Japan.

Survey Survey

2000 to 200!

2005 to 2009

Xf 2006 Flood was the Largest One in Recent Years

The vegetation in the water front was flashed out The vegetation in the water front was recovered

NIPPON KOEI

Future Perspective

« There is no doubt that the technology we have will be enhanced
individually along its vectors. One of the promising enhancement
might be accomplished is coupling technique of flora and fauna
dynamic models and NK-Hydro2D. Another one is to develop new
hydrological cycle analysis model by adding groundwater model to
NK-UHM.

« On the other hand, those models should be delivered to the
engineers inside the group. Through those activities, the model
should be automatically enhanced because of the unavoidable
engineers’ suggestions. Beyond such situation, it is clearly seen the
models become quite rigid.

« However, as we all know, some public organizations already
commenced the same scheme and there are many uncertainty that
we had experienced. The first thing we should do is to share the
same model and experience among the alliance of the MOU group.

NIPPON KOEI

Achievement: Sedimentation in Canal

An example of application of NK-Hydro2D for canal sedimentation.

e

NIPPON KOEI

Achievement: Sedimentation in Reservoirs

An example of application of NK-Hydro2D for reservoir sedimentation.

Dam Outflow (Power

Station, Spillway) Reservoir Water

level

Wuryantoro
Tirtomoyo

Temon

ment rate in river is related to

Alang j % d arge
Solo Qsin=2.4 MCM

in rain season of 2004-2005

NIPPON KOEI

Achievement: Water Quality in Off Shore

An example of application of NK-Hydro2D.

Ty
™l i Sy
sk

o

NIPPON KOEI

Achievement: Scouring around Piers

An example of application of NK-Hydro3D combined with NK-Hydro2D for
scouring problem of piers of a bridge.

hY

Near bed

Near surface

NIPPON KOEI
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Achievement: Tsunami and Storm Surge

An example of application of NK-STAM.

Tsunami height

Tsunami height (time series)
NIPPON KOE!

Achievement: Tsunami and Storm Surge
An example of application of NK-SSM.

0
laximum Storm Surge Heig|

Achievement: Urban Flood
An example of application of NK-FAM.

-
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Scientific Discovery using Re-analysis dataset
Observation Stations Sumii

bt Showa (Japan)

Data assimilation could make up an output the uniformed grid data
from the observations at the about 30 stations which are sparsely
distributed.

Using ERA-Interim meteorological reanalysis data set and trajectory
analysis, we gained this reproduced blocking event which occurred over
Antarctica at 18 JUN 1997.

5 i B

5 s B

Scientific Discovery by Data Assimilation
g'j )2’7— U ‘JO" Suzuki

‘We put air parcels at 2.5 grids and the point of 8,000m altitudes
from the surface over Antarctica and calculated the trajectories of
air parcels using 3D wind fields forward Sdays.

The blocking High was brought from the mid-latitudes with
warm atmosphere and was put into the polar vortex.

Trajectories over these area (around the eddy) are warmer than
other and there should be a huge snowfall as well as observed.

=
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SR g 22— MF—4RIE Agent-based Influenza Simulator

Saitoh

REMRZ (BEHARH) -H LRI LT LOXRARE

WELOBANS: BRATORMATREOTA
571,641

Population

176,866

BIEEREEOENHIT HHETRPMEL, EPETOHAZAVTREATROFTAELLL.

138,684

vRaL—2 =
L & fEATHAIE, =LY T Wi, (DLTUTOLBKAET, B
OLELIEELOOT, EBORBEFEERRLEIAETSIGAOT FERETE. places

314,861

o Susceptible ~ Exposed
Infected  © Removed
Transition probability from S to £ (per unit time) =
# of infected visitors
FX"of total visitors.
Transition probability from E

Lo

iR 2aL—oa:
[ATRER G, RFERE

14 LT RS
BROBWMGLTFERN i
i F)EROT, BB schedule focation  health Transiton probabiy from £1o 1=,
SA—BEEET S 800 to workplacelE,3].. homelA1] susceptible 1/a =mean latent period (~ 3 days)
1/y = mean infectious period (~ 3 days)

6-th day 13-th day 75-th day

¢ around some simulati

adually spread

lective imim

CPHS: Cyber-Physical-Human Systems VI HR— VDB 2T/

Cyber-physical systems (CPS) are engineered systems that are built from and
depend upon the synergy of computational and physical components.

The term "cyber-physical systems" refers to the tight conjoining of and
coordination between computational and physical resources. &

N

An embedding of the multi-agent based mode, that is a person-based model to describe each
behavior, can be easily achieved by replacing a grid with a person in the definition of the state
vector. ‘f ‘f
Human Modeling o b

fm , = (variables to specify a behavior & e
" of the m-th agent . "t
gent) =y = ém+|,/ </ ému,zJ
MAS: Multi-Agent based : :
‘p(xt ‘ xlfl) Simulalioun[1 gent bused : M .t §M S=1
4 4
96/109 B st aosw
—_ N > [
YXaU—Y3VETILOER (1) YXaU—Y3avVETILOER (2)
o R (Tsunami simulation model in Japan Sea (mjl}ﬂl grid point
PDE to approximate real physical system y : \ Vv _-Normal sea surface
(continuous time/space) mth grid point o ®
0x _ .2 ... | PDE:Partial differential equation physical variable vector Cfm,, is : \ . Two-dimensional
ot assigned at each grid point. (I) ; water flow vector
M

Discrete simulation model
(discrete time/space, FDE) é:m,t

Surface at Tsunami
Depth is taken from th
bottom topography dat sd‘“ )

a0

Sea bottom n. (3]

Suppose a case where we conduct a two-dimensional
simulation experiment for understanding the flow of
shallow water such as the tsunami.

\ (m +1)th grid point

\m+1 =
} / U,
& 7.0
D m+1,t )
['In fact, this data set is known to be erroncous Vector
0 icimow
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Disc;ete simulation model
(discrete time/space, FDE)

S
x, = fi(x_)

time varyin xt é: il
HAFEHE | Boundary conditions ; mrs

~~
w t P ( w | 0 obs )
AR BEDT— ~ Observation model
. akonas Y, =HX W, W ~N(O,Ry) BEEFL
Monlinear state space model é Mt At 5t
(discrete time/space, stochastic(SDE)) ’ 1' ll <
X = 5 0m) 0 | LA T LT TR
time integration
0 s mosue

(simplified meteorological model around Japan)
PDE to approximate real physical system State Vecto
(continuous time/space)
Ox B PDE : Partial differential equation
Pl ext e

F— @It —ARREZR

RBEREETIL

State Vector (Simulation variables)

xl>: ft(xt—l’vt)’
yt = ht(xt’wt)9

SRTFLETIL
Stochastic simulation model

v~p(vl|0,)

Our interest in a statistical inference by DA

i ssimuie,

B State Estimation and forecasting

p(x, |y,) or p(x,|y.r)

L

B Parameter Estimation in a simulation model

p@|y.r)oc p(y | 6’)']9(‘9):

B i mosnsen
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