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ABSTRACT

The objective of this study was to develop a runoff analysis system of the Nakdong
River watershed using the GRM (Grid—based Rainfall-runoff Model), a physically—based
distributed rainfall-runoff model, and to assess the system run time performance
according to Microsoft Azure VM (Virtual Machine) settings. Nakdong River watershed
was divided into 20 sub—watersheds, and GRM model was constructed for each
subwatershed. Runoff analysis of each watershed was calculated in separated CPU
process that maintained the upstream and downstream topology. MoLIT (Ministry of
Land, Infrastructure and Transport) real—time radar rainfall and dam discharge data
were applied to the analysis. Runoff analysis system was run in Azure environment, and
simulation results were displayed through web page. Based on this study, the Nakdong
River real—time runoff analysis system, which consisted of a real—time data server,
calculation node (Azure), and user PC, could be developed. The system performance
was more dependent on the CPU than RAM. Disk I/O and calculation bottlenecks could
be resolved by distributing disk I/O and calculation processes, respectively, and
simulation runtime could thereby be decreased. The study results could be referenced to
construct a large watershed runoff analysis system using a distributed model with high
resolution spatial and hydrological data.

KEYWORDS : Distributed Model, Cloud Service, Real Time Runoff Analysis System, Flood,
GRM(Grid based Rainfall-runoff Model), Azure
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TABLE 1. Azure VM instances used in this study
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Instance 0S CPU Core number RAM (GB) Disk (GB)
F8S Windows 10 Enterprise KN 64bit 8 16 SSD 16
F168 Windows Sewer 2012 R ng‘zg;ézv'gtﬁ'ﬂ;;c’gl) 16 3 SSD 32

DS15 v2 Windows Server 2012 R2 20 140 SSD 40
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FIGURE 1. Watersheds and stream gauges for model calibrations
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TABLE 2. Summary of watersheds and stream gauges for model calibrations

Calibration stream

Watershed name Upstream I
gauge name flow control Stream classification

Abbrev. Full name Abbrev. Full name

ADD Andong dam DC Docheon - Upstream of dam
BSC Byeongseong cheon DM Dongmun - Tributary

CDC Cheongdo cheon BG Bugog - Tributary

GC Gam cheon SS Seonsan - Tributary

GD Gudam GD Gudam ADD, IHD Tributary
GHG Geumho gang GH Geumho YCD(Youngcheon dam) Tributary

HC Hwoi cheon GJ2 Gejin2 SJR(Seongju reservoir) Tributary

HCD Hamcheon dam GC1 Geochang1 - Upstream of dam

HG Hwang gang JG Jukgo HCD Tributary

IHD Imha dam CS Cheongsong - Upstream of dam

' ' MYD(Milyang dam) )

MYG Milyang gang MY1 Milyang1 WMD(Woonmun dam) Tributary

NG Nam gang JA JungAm NGD Tributary

NGD Namgang dam DS Danseong - Upstream of dam
NSC Neseong cheon HS Hyangseok YJD(Youngju dam) Tributary

WC Wi cheon YG Yonggok GWD(Gunwi dam) Tributary

YG Young gang JC Jeomchon - Tributary

YSC Yangsan cheon ST Soto - Tributary

GM Gumi GM Gumi - Main stream

EB Eebang EB Eebang - Main stream
NDGD  Nakdong gang downstream  JD Jindong - Main stream

4. HBXZ B, JUEFES o839 GRM YUARES

g azaadsn TEs egun  TEAREh SEANE A9 2eARs @4

GRM AR 5% 913 FAash A%
FSAR % KPR Bas, E 33 Pk
2 Aol e HyGISE o]83dte] DEMO 24

Bl #9 9, BRUY SRFAS Y, 2
A ARE AISIOM, B R E4)

TABLE 3. Geographic and hydrologic data

TTeAARRNE WINSE

=] . ©
25

sgleh. ok /3 Aat
ARG, PR AR

ANe 8 AR Az 4gHr,
summary of this study

Classification Data Data type Remark
Land cover ma Raster Classified into 7
P GRM input data(land cover data)
Geographic Detailed soil map Polygon GRM input data(soil texture and soil depth data)
data Used in drainage analysis and making GRM input raster
DEM Raster data(watershed, flow direction, flow accumulation, stream,
slope)
i GRM input rainfall data
. Rainfall radar data Raster HSR—-RKDP(composite and calibrated 10 min. data)
Hydrologic data ) o "
! Used in model calibration and boundary condition
Discharge data text

Stream discharge and dam outflow

A ArRre R
Ak R ] = A= A i % K R
10% 7124 9] RKDP A& (HSR-RKDP) E o] &
BAgsh=d)

9 SRR 3
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GC 300 11,293 - GM
GD 500 6,020 ADD, IHD (Inlet) GM
GHG 500 7,412 YCD (Inlet) EB
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NDGD 500 6,415
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FIGURE 3. Real time runoff analysis system schematic diagram
TABLE 5. APIs provided by cRTStarter
Name Usage
) Create new object
New(fon_REF As Sting) ~ fpn_REF : REF file path and name
SetUpAndStart GRMRT () Start real time simulation
StopRTsimulation() Stop real time simulation
GRM parameters update in memory
UpdateWSPars(wsid As Integer, iniSat As - W.Sld ..sgtl)l—watelrshed lD.
. . : — iniSat : initial soil saturation
Single, minSlopeChannel As Single, . R
: ) ) — minSlopeChannel : minimum slope of channel bed
roughnessChannel As Single, soilHydraulicCond . -
: : . — roughnessChannel : channel roughness coefficient
As Single, applylniFlow As Boolean, Optional ) ) L ) o
L . _ — soilHydraulicCond : soil hydraulic conductivity
iniFlow As Single = 0) . . o
— applylniFlow : apply initial stream flow or not
— iniFlow : initial stream flow value
SaveParsToProjectFile() Save GRM parameters to GRM project file
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TABLE 6. Assessment of CPU, memory(RAM), and disk I/O occupations approximations
and time spent during 24 hours simulation using each Azure VM instance

o Instance name F8S F16S DS15 v2
Classification
Disk 1/0 C: C:, D: C: C:, D: C: C:, D
RAM (GB) 6.2 5.5 3.8 4.0 5.9 5.9
CPU, RAM, disk CPU (%) 90 100 75 97 70 85
1/ occup. , C: 45 20 70 30 70 75
Disk 1/0(%)
: 0 1 0 1 0 2
ADD 1.68 1.45 1.30 0.93 1.20 0.83
BSC 1.45 1.13 1.07 0.60 0.93 0.58
CDC 1.17 1.08 0.82 0.45 0.65 0.40
GC 2.03 1.73 1.72 1.27 1.58 1.22
GD 1.02 1.08 0.87 0.50 0.65 0.42
GHG 2.03 1.73 1.37 0.95 1.18 0.80
HC 210 1.88 1.63 1.22 1.48 1.13
HCD 2.22 1.98 1.72 1.28 1.57 1.22
Tributary HG 1.75 1.57 1.10 0.70 0.98 0.62
Time spent for watershed IHD 1.82 1.33 1.22 0.85 1.12 0.75
each wat. MYG 2.40 2.12 1.95 1.57 1.82 1.48
(min) NG 1.48 1.37 1.15 0.70 1.02 0.63
NGD 210 1.85 1.53 1.13 1.42 1.07
NSC 1.78 1.72 1.32 0.92 1.22 0.83
WC 1.92 1.70 1.32 0.90 1.15 0.78
YG 2.25 2.02 1.78 1.38 1.63 1.32
YSC 1.02 1.07 0.83 0.47 0.70 0.42
Ave. 1.78 1.58 1.33 0.93 1.19 0.85
. GM 2.27 2.02 1.80 1.38 1.65 1.33
Manstream g 228 2.03 1.83 1.40 1.67 1.3
watershed
NDGD 2.42 2.13 1.98 1.60 1.85 1.50
2 295 A& ¢ 5 Uok DS15 v2old /b RES) AR Qe 208t Ae 2 JFol
%3 NS ekl W £ MYG, Sk 2o® vk
14812 At Jig= 11,3917001™, 1RH) 5 RE 1 F(GM), oI EB), s
oVgel AR S AL 2 GOS 1120 ASFINDGD) fele as AR gelol 4
BNGC 1.22%), FAF 43S 10,6407 H WAk FFL =t} 7u] F4e 97 fo
CD, 1.22%), 97 92 10,2207 (YG, 1.32 (YG, 1.32%), o] 92 F1] 749(1.338),
B & vehlo] 2zt grjHom 71 AAAe  SERekE foe P £l (L48B) o) o

vEhSie B3 S 709 inlete 7] o) afo] AAzto] A7 1.33%, 1.35%, 1.50%
ol % DBERHE ARE ¢oles 3ot of ¥tk TR WA ] AYAIRE

Ho 1ok 901 (GD, 0.42%) 7 ek §o (%] <> G "ot 92 Az g A%
F 170 F9 T U 592 inletS 170 ols) Hlow, &% F7HARl AdEE S sl
2 XEhH F T §9S o fYel s A o] F FelA AR E AslaE sl
B AYAREE 7AAL ok 2R DBR of E& & g
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