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Water Resource Cycle Simulation System
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Absraci— We are constructing the water resomrce cycle
simnlation system fhat can tminhl‘letubnﬁwltz TEsOmrce
management a5 well a5 water dizaster countermeasures. This
simnlation system males it possible to analyze both surface water
and gronndwater in a unified , and inclodes vispalization
thmﬁalmﬂrﬂserap&dndun—le—ndaslndhsﬂlvnf
3 wide ramge of representafions. These fonctions provide am
accurate pictore of the corrent condifions as well as fotore

i of water resources and water disasters. We plans fo
nse fhis simulation system fo contribate to finding solntions to
izsmes affecting the entire planet, inclnding the secorement of
water resonroes and the resolution of varions problems stemming
from water disasters.

Eeywordr— water resenrce cyele; simuladon; viswalipation;
GIS(peosparial information system); groundwater

L INTRODUCTION
The world has been faced with a lsrge number of
increazingly serious problemes in recent years due to issues such
as global warming, rapid population growth, and societal

developments, inclnding a lack of industrial and drinking water,

the prowth of drought regicns and comesponding crop failures,
and flooding or inondation Lansedhytm‘rmnilrm A diverse

range of complicated messures will be required in order to
resolve these problems.

Japan faces threats such as a disorgamized supply of water
resources and frequent swdden torrentiz]l rains, all of which
require solutions in the areas of water resowce usage and water
disaster coumtermeaswres. [n order to solve these problems, the
“Emergency Measure Bill Regarding Fegulating the Use of
Grovmdwater™ was snbmitted to the Mational Dist of Tapan in
Tanmary 2012 as lswmaker-initisted legislation intended to
profect water resources. In sddition, fmplementstion of water
measures is gaining momentum incduding the mstallation of
X-band omit-parameter radars that can observe regional
rainfall smounts slmost in realtime.
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Motohre Mizuno
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Department, Intellizence snd Information Systems Division,
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It is against this backzround that a need has arizen for
fimctions that can cormecily predict changes in water resowce
distribution both mside and outside the couniry, as well as the
ooomrence of water disssters, while sopporting rapid and
smooth decision-making regarding policies. To this end We
are fTying to help populsrize the nse of a water respurce cycle
simmlation system.

This arficle discusses 3 water resowrce cycle simmlation
system that can confribute to Wwater TesouTce mansgernent snd
water disaster countermessures, as well as the specific

I NEEDS AND TECHNOLOGICAL ISSUES

A Neods

Functions that support the decision-making that zoes imo
solving varions problems related to water resources and water
disasters mmst mest the following two needs:

1} Accirate understanding of the current conditions and
Juture prodictions

The shility to grasp the cworent amomt and quality of
groundwater respurces that canmot actually be seen, and the
ahility to mske predicions about the fomore hased om the
changzing climate and human activities, are extremesly important
alements imvolved in the formulstion of water resource plans.
Accurate predictions about the firnwe are also important when
it comes to developing comfermessures for water disasters.
Simulstion technology must mest these needs.

2) Abilizy to artach memung fo kuge amounts of data and
visuglzation finctions

Irsmpmﬂmﬁmmmsmstmmeahmw
systemanmlly organize snd easily attach mesning fo the

relationships betwreen data and events based on huge amounts
of data, including observational data and simmlation resalts. In
other words, a drawing fonction that wtilizes the pecspatial
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mmformation system (GIS) is a key part of helping water policy
decision-makers and local residents easily understand the data.

B. Technological Issues

1) Simulation issues

a) Modeling mteractions between surface water and
groundwater

In the past, simmlations of the water cycle were limited to
specific areas based on objective, such as groundwater or flow
analysis. For this reason, interactions between surface water

b) Analysis including material transfer

In order to enable quick and safe decision-making during
the determination of a water policy or disaster response, it is
necessary to analyze the transfer processes of materials such as
mutrient salts and radioactive nuclides.

¢) High-speed calculation
Huge amounts of calculations nmst be performed i order
to implement the consideration of surface water and
gromdwater and the analysis of the material transfer process as
described in (@) and (B). Algorithms that can quickly execute
these huge amounts of calculations are necessary to contribute
to rapid decision-making
2) Wataer resource cycle visualization issues
a) Groundwater fiow time series dispiqy
Easy-to-understand representations of water resource cycle
simulation results that deal with surface water, groundwater,
and how this water changes over time must display the
conditions of surface and underground water flows in a time
series format. In the past, GIS often lacked the ability to
display underground conditions or time series data.
b) Statistical processing of mformation distributed in
three-dimensional space
Information distributed in three-dimensional space must be
statistically processed so that the sinmlation results can be
understood by the decision-makers.

¢) High-speed responsiveness
decision-making is necessary, including the sbility to process
snd draw large amounts of data at hizh speed.

I SIMULATION AND VISUALIZATION
TECHNOLOGIES

4. Simulation Technology from a New Perspective
Calculations of water flow are generally executed by
defining models of flow chamnels, sach as river channels,
drainage paths, pipeline networks, and others. The general
purpose terresmial fluid-flow simmlatoe[1] (GETFLOWS)
system developed by Graduate School of Engmeering. The
University of Tokyo's Professor Hiroyuki Tosaka (Chairman of
Geosphere Environmental Technology Corporation), on the
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Fig 1. Grounduater Flow Amalysis. Groundwater Sow analyzic caa be used

o track the rowec takea by minwatr that hac sesped mw 2
moumtaia as it discharges in a river or ocean.

other hand. can take terrain, the shape of strata, hydrological
properties, precipitation conditions, and other information to
automatically create models of namral river networks, lakes,
and groundwater flow systems[2].

1) Unjfied analysis of surface water and groundwater

By comprehensively analyzing the equations of motion that
are derived from rivers, lakes and other surface water,
gmdwcmﬂmgmn&:mimubleﬂmdsnﬂasm
water cycle analysis can be used to unify surface water and

in a2 msnner that was not possible with previous
simmulations. This makes it possible to consider interactions
between surface water and groundwater.

Fig 1 shows an example of groundwater flow amalysis[3].
By analyzing surface water and groundwater in a unified
manner, it is possible to derive the routes taken by rainwater
that has seeped into mountainous ferrain as it discharges in
nivers or the ocean. This sample analysis shows how the system
can coatribute to decision-making with regards to water
policies, such as excessive mtake requires
countermeaswres to deal with ground subsidence, or the
securement and regulation of water resources for use as agro-

A sample flood prediction analysis is shown in Fig 2[4].
The left side of this figure shows the flooding calculation with
consideration given to the levee bresk point, and the right side
shows an example of a flooding calculaton that gives
consideration to the moistmess of the soil This unified analysis
of surface water and groundwater makes it possible to
represent the rapid increase in the gromndwater level during
torrential rains together with inundation inside a levee, in order
to predict the location where flooding will start, the flooded
region, and the amount of flooding at a high level of accuracy.
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Fig 2. Flood Predicti MR A give aderation
gven 1o 1he loves bresk poind (lefl) and Be moistness of the wil
(rghe)

2) Anaiysis of material trangfer processes
The also offers the ability to consider kinetic
changes in material that are caused degradation
chmnlxacumsl‘hemmpam?fnmmalunsﬁ
processes such as mver luhgtotsubmces
mto the

Fig. 4 shows a sinwlation of nitrogen contamination in
surface water and due to economic activities. The
left side of the fizure shows the results of an analysis of the
total nifrogen concentration in surface water, aultbengnsxh
shows the same for sroundwater[6]. By analyzing the

simmilation resuits created sl ers
(PCs) will depend on the size of the model, the of
simulating a grid of approximately 20 million points will
require an output of around 1 Toyte For this reason
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Fig 3. Seendation of Tausses Floodiag This figure shows the dimrdbution
of water degeh throe houes sfier & s occun.

L

— contal Techmnl

Fig 4 Sloulsion of Nitregen Contuminstion of Serface Witer and
Groeadwater Due (0 Ecosostic Activiics. The lefl side of this
figure shows the joal bos s serface waicr, and
Mn@&hmhmhwm

Fig 5. Cross-section of Undesgrovad Geid and Trasslocens Ssselbioe Iusge
A crons-secion of the undergreund grid is Ssployad over e Sow
of ground ins ! wicliine insge 10 Cresie & iy 10
usdentand seproestation.

IV. CraracterisTics oF VisuanizaTion TECHNOLOGY

We worked to develop visualization technology that uses
GIS pamed “DioVISTA* Groundwater™ as a means of

1) Highly accurate dispiay of surface, wnderground, and
mim%mmdxsmagdmammm
mgommmmmm;gwnmm
adopted that enables three-dimensicoal display so that

*DioVISTA is registerad teadessurk of Hitschi Power Seligions Co, Lid
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Fig 6 Adcsatioa The flows of safice waler and groundwaler arc
snisuned for vy vissalization

geospatial information, it is possible to display sinmulation
results that vary over time, such as the conditions of a disaster.
ﬁ%s shusml}msmlsmchdmgthecmsmm
view of an underground covermg areas inchuding the
mdwdofﬁengm&d in Kanagawa Prefectre, as well
3s 3 transhicent satellite imagze]7]. The cross-section view of

undecstand the flow of surface water and groundwater.

Fngiormmleofmm[k] The flow routes
of surface water and groundwater can be represented through
animation, and by displaying this on top of three-dimensional
geospatial mformation, it is possible to visualize dynamic
changes in behavior over both space and ime.

2}Spmal ul.\absssgnmusmlken ible spanany

to
summarize the results of governmental cmmshed
simulations, in order to represent sinmulation results such as the
amount of available groundwater resources m an easy-to-
understand manner.

Fiz. 7 shows 2 color-coded display of a summary of the
distribution of water resources asvatlable underzround based on
spmalmalysxs[Q],Tbeahﬂnvumdsmndﬂntimhm«f

usable groundwater resources can contribute to the fornmiation
of water resource usage plans.

3) High-speed responsiveness

)A.hhmg: GIS systems would experience delays
dnmgrmdsmgpocssessudnszmmgm.dnss;m
mrmdﬂingspndm&nmnhghsedmm

V. EXPECTATIONS FOR THE WATER RESOURCE
CYCLE SIMULATION SYSTEM

We are working to develop this water resource cycle
mlmms)stunasammlcanhusdmamm
simmlation, spatial amalysis, and wisualization fimctions i a
cloud service that can be used by a wide range of users (see Fig.
§). This system comsists of servers in data center, and client
PCs. Servers have data orgamization, sinmlation. spatial
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Fig 7 Color caded Distribation of Amoust of Available Grossdwaler
Resources Based on Speid Amalysis. Amount of avadabic

B are feed and displayed with color
codes careipoadiag 10 atmousts.

IXwo organizason tencioos l
Simwdmion fmetionn l #

Viaadiogcon fusctaon I

Fig 3 Sywiess Punctions aad Flow. This figure shows cach fuscsion and &
sysem Dow chot. mmw.mm«.m.
nuke e of waler cyde logics, sad the
Waﬂyudﬂmmh&ﬁm-‘amd

techaologics bused oa 1he gooigutisl iforssation

viesdisasoo
sydem (GIS)

In 2 world faced by water resource shartages and water
disasters, this water resource cycle simuiation system is an
exceedingly mmportant tool. We will continue coatrivwing to
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