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Analysis on reproducibility of flood simulation for
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Abstract

Along with global warming, it is reported that the frequency of extreme precipitation in Hokkaido
and northern Japan tends to increase. Especially in Hokkaido, the occurrence frequency of heavy rain
exceeding 100 mm in a few hours is increasing. In the future climate prediction using the high resolution
climate model for the last part of the 21st century, it is suggested that the frequency of heavy rainfall
occurrence and the annual maximum precipitation in Hokkaido will increase. The change of the rainfall
characteristic such as extreme rainfall increase suggests the necessity to introduce a new high resolution
runoff model corresponding to the spatial resolution of rainfall observation for flood control of Ishikari
River: a river with the largest catchment area in Hokkaido.

We performed runoft simulation for Ishikari River using one of the distributed rainfall-runoff models
called® 1K-DHM-event” that was developed by Kyoto University group. The resolutions of the model
used are 30 seconds (about 1 km) in spatial and 1 hour in temporal. We used hourly precipitation
analysis data called radar — AMeDAS precipitation (which is provided by Japan Meteorological Agency)
with spatial resolution of 1 km as the present climate, and the land gradient data named HydroSHEDS
(Hydrological data and maps based on SHuttle Elevation Derivatives). We simulated two flood events:
from August 20 to 31, 2010 (CASE 1) and from August 30 to September 12, 2011 (CASE 2). The former
is a line-shaped precipitation system with heavy rainfall (over 30 mm/hr), and the latter is an autumnal
front system associated with heavy rainfall to the wide portion of Hokkaido, especially in the upper
Ishikari River basin. We calculated outflows for the two cases using five different calculation methods.

As the most matching calculation results with the observation flow rate, the Nash—Sutcliffe coefficients
were 0.25 and 0.92, Peak flow rates were 1.02 and 1.14, and Total flow rates were 87.6 % and 99.9 % for
CASE 1 and CASE 2 respectively at the point of Ishikari Ohashi, near the mouth of the river. Using these
parameters, we carried out virtual experiments of rainfall twice as much as CASE 1 and 1.5 times the
CASE 2. In the simulation of the rainfall two times the CASE 1, the calculated outflow was 8172 m>/s
at Ishikari Ohashi point and 6668 /s at Ino point (in the upstream part of the river). The outflow at Ino
exceeds design—flood discharge. In the simulation of the rainfall 1.5 times the CASE 2, the calculated
outflow was 14463 m?/s at Ishikari Ohashi point, and 7544 m?/s at Ino point. at both points, it exceeds
design—flood discharge. From these 1 experiments, it is clarified that the distributed rainfall — runoff
model based on the physics has a high potential to reproduce flood events in Ishikari River. The results
obtained in this study showed that the change of future river flows associated with climate change would
increase flood risks.
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Table 1 Ishikari River flood events in the past. This table is summarized from the reports of basic policy for river
improvement at Ishikari river basin and river schema and Ishikari river improvement review (Uryu river
and Sorachi river) by Ministry of Land, Infrastructure, Transport and Tourism.
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Table 2 Details of tributaries of the Ishikari river. This table is based on basic policy for improvement at the
Ishikari River basin.
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Fig. 1
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Map of Hokkaido showing location of study area adjacent to the Ishikari River and a contour map. A
circle of numbers area shown that observation points of the Ishikari River, and a pentagon of numbers
are shown dam points (refer to Table 3). A square of numbers are shown that name of city, Sapporo(1),
Asahikawa(2), Atsuta ward of Ishikari(3), and Utashinai(4). And red line shows watershed of the Ishikari
River. This map is based on Degital Map 50 m Grid Elevation by Geospatial Information Authority of

Japan (refer to Table 3).
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Table 4  Feature of flood events at the Ishikari River from 2010 to 2014.
ad gooono |0D0000d (goon gogdn
O m?/s0 goood goo oo
20100 70 300 09UTC 2723.41 RN 0 oo
20100 80 120 16UTC 2504.76 RN goo t
20100 80 240 12UTC 2977.88 RN 0 t
20110 70 150 07UTC 3146.25 RN 0 oo
20110 80 170 14UTC 2516.42 RN goo t
20110 90 40 08UTC 5653.69 RN 0 gooooo
20120 90 120 10UTC 3730.96 RN goo t
20130 90 170 06UTC 2873.89 RN goo oo
20140 80 60 06UTC 3414.32 RN 0 oo




24 J0O0ODOOOOOOODOD

gboboboboboboboboboboboMMSMOOOOooooooboboboboo
gboooooooooooi1oboboboobon

241 0OO0O0OOODOMSMO

U0000D00OOMeso-Scale ModelDMSMO O OO OO0 O0O0O0OO0O0OOOODOODOD GPV
OGrid Point ValueD OO O OO OOO0ODOOMSMOOOOOOO0OOOOOOOO0OOOOOO0OOOO
ooboobob?224000 4760000 120000 1500000000000 0DO0O0O0ODOO
00000000 Table5SOO00ODO

Table 5 Specifications of Meso-Scale Model (MSM) data. This table is based on Japan Meteorological Agency
(http://www.jma.go.jp/jma/kisyou/knowwhiterp/1-3-1.html) and RISH Data Sever, Kyoto
University (http://database.rish.kyoto-u.ac.jp/arch/jmadata/).
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Fig. 2  The schema of soil layer. It modified Tachikawa(2004).
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Table 6  Detail the particulars of model parameters.

item name details ‘ range of values
0 ooood 0506=<1.0
Ns obooboboboboobOm/sO 0.010 NS £1.0
Nr ooooooooooDoogim/sO 0.020 Nr=0.05
da oooooobooooooboooodmd 0.00 Da<2.0
dm ooooOooooooooomb 000 Dm=<1.0
B ooooooon 2008=18.0
Ka O0000m/sO 0.0001 0 Ka £0.01
initialROF oooboooobobdmm/hrd 0.01 O initialROF £0.10

Table6 DO O0ODOODOOOODOODOOOODOODOOODOODODOOODOODOO
Fig30ooooooooooooooooboboooooobobooooooooobooo
gboboobobooobobooobobooobbooobooobboobboobbooobboo
gboobobobooooooobooboboboobobobobobooboobobobon
gooo00oboobooboobobo0ob0obobU Kem/sy pO0000oooooooooenon
obooboboboooobbdaemUD0OD0ODO0ODO0ODLDODOODODOOOODOO dn(m) O
U000de=DmUO0000000000D00O0D0O0O0OO0OD0O0ODOODOO Ns(m/s)DDODODODO
0000 Nrm/s)DODODOOOOOO

U0000OD01IK-DHM-event U OO 0000 50000000 (Table7)DOD0OOO0O0O00OODO
O00000 Model300 0000 11000Fg40000000000000DO0ODOGOIOI0O
gbobooobobooobboEDHOOO0OOOo0ooOooooBOFO0O0noOOOoOoooDOOn
goboooboobooboooobbobobooboooobob7000TablesDODOOOO
goboo0ooobobooooboobo0oobooooNSOooooboooboobooobooobo
gooooobooboooboon

14



WIA—ZHBRIIRF REETIVADNT A —%

p_@:i Input-Data
= [ RERN
f ———— ]
T RETFIHE Ns(mys)
. Ka —
BKE——— sy ——p Da(m)
TRE_npesa &/;m—f:n)

EKIE “(my/s)

Fig.3 Diagram of hydrological comparison between the real flows and layers and the model parameters. Ka(m/s)
is hydraulic conductivity, 8 is exponent constant of unsaturated hydraulic conductivity, 8 is volume water
content, Da(m) is depth of capillary and non—caillary soil layers, Dm(m) is depth of capillary soil layers,
Ns(m/s) is Manning’s roughness coefficient for slope, and Nr(m/s) is Manning’s roughness coefficient for
river.

Table 7  Usage models of this reserch and its setting. It was set in each method.

item name usage model model setting
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goog
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Fig.4 The partitioned basin map of the Ishikari River for Model3 (See the Table 8). It was divided to aggregation
degree over 1200. Area G, I and J are the upper stream of Ishikari River, Area E and H are the middle
stream of Ishikari River, Area B and F are the downstream of Ishikari River. Area K is the Uryu River,
Area D is the Sorachi River, Area C is the Yubari River, Area A is the Chitose River.

Table 8  The partitioned Ishikari river basin (See the Fig.4).
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Fig. 6 Equivalent potential temperature (K) at 1000 hPa and wind speed (m/s) and direction at 1000, 925, 850,
700 hPa on 23 August 2010 in Hokkaido. These color arrows show show wind flow at each geopotential
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Fig. 7 Water vapor mixing ratio (kg/kg) at 1000 hPa and wind speed (m/s) and direction at 1000, 925, 850,
700 hPa on 23 August 2010 in Hokkaido same as Fig.6.
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Fig.8 Water vapor mixing ratio (kg/kg) at 925 hPa and wind speed (m/s) and direction at 1000, 925, 850, 700 hPa

on 23 August 2010 in Hokkaido same as Fig.6.
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Fig. 9 Water vapor mixing ratio (kg/kg) at 850 hPa and wind speed (m/s) and direction on 23 August 2010 in
Hokkaido same as Fig.6.
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Fig. 10 Water vapor mixing ratio (kg/kg) at 1000 hPa and wind speed (m/s) and direction at 1000, 925, 850,
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Fig. 13 Flow experiment from 21 to 30 August 2010 at Ishikari-Ohashi (obserbed point3). The light blue bars
denote total hourly rainfall amount of drainage basin. These color thick lines show outflow at each
experiments for observation flow in black, Model 3-1 in orange, Model 3-2 in green. These dashed color
lines denote outflow at each experiments for Model 1-1 in pink, Model 2-1 in red, Model 2-2 in blue.
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Table 10 Flow experiment comparision at Ishikari ohashi (observation point3). For each of table items ave. is
the average value of outflow (m3/5s), max is the maximum value (m3/5s), min. is minimum value (m3/s),
NS is the Nash-Sutcliffe coefficient calculated by observed flow and calculated flow, total flow is the
total sum from August 21 to 30, Tfr is the ratio of total observed flow and total calculated flow, and Pr
is the peak ratio of the observed flow and calcurated flow.

Point3 ave. max. min. NS total flow Tfr Pr
Om?/s0 | Omd/sO | Om’/sO Om/11days0 | (%)

real 978.10 | 2997.88 379.37 - 258218 - -
Model 1-1 | 1366.66 | 3088.79 | 487.01 -0.75 360798 139.7 | 1.03
Model 2-1 | 856.89 3049.30 174.86 0.25 226219 87.6 | 1.02
Model 2-2 | 1086.21 | 3176.78 342.89 0.15 286759 111.1 | 1.06
Model 3-1 | 974.61 2381.28 221.74 | <-1.00 257298 111.1 | 0.794
Model 3-2 | 952.17 2392.07 164.41 | <-1.00 251372 97.3 | 0.798
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Fig. 14 Flow experiment at same term at Iwamizawa-Ohashi (observation point4). These color thick lines show
outflow at each experiments for observation flow in black, Model 2-1 in red, Model 2-2 in blue, Model 3-1
in orange, Model 3-2 in green.

Table 11  Flow experiment comparision at Iwamizawa-Ohashi (observation point4) same as Table 10.

Point4 ave. max. min. NS total flow Tfr Pr
Om/sO | Om?/s0 | Om?/sO Om?/11days0 | (%)
real 737.18 2652.28 295.31 - 194616 - -
Model 2-1 706.56 2778.30 136.83 0.35 186532 95.8 1.05
Model 2-2 894.88 2860.94 270.05 0.20 236250 121.4 | 1.08
Model 3-1 812.27 2046.84 159.36 | 0.06 214440 110.2 | 0.772
Model 3-2 | 790.34 2059.47 104.88 0.05 208651 107.2 | 0.776
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Fig. 15 Flow experiment at same term at Tsukigata (observation point5) same as Fig.14.
Table 12  Flow experiment comparision at Tsukigata (observation point5) same as Table 10.
Point5 ave. max. min. NS total flow Tfr Pr
Om3/s0 | Omd/s0 | Omd/sO 0 m3/lldays|] (%)
real 645.40 2763.39 128.25 - 172964 - -
Model 2-1 645.40 2763.39 128.25 0.12 170396 98.5 1.14
Model 2-2 821.21 2816.11 253.36 -0.07 216799 1253 | 1.16
Model 3-1 757.32 1925.64 172.59 -0.11 199933 115.6 | 0.796
Model 3-2 732.76 1933.13 120.44 -0.11 193448 111.8 | 0.799
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Flow experiment at same term at Naie-Ohashi (observation point6) same as Fig.14.

Table 13  Flow experiment comparision at Naie-Ohashi(observation point6) same as Table 10.
Point6 ave. max. min. NS total flow Tfr Pr
Om’/s0 | Om?/s0 | Om’/sO 0 m3/11days0 (%)
real 599.38 2201.54 253.14 - 158238 - -

Model 2-1 605.90 2815.93 121.36 0.20 159958 101.1 | 1.28
Model 2-2 771.60 2836.24 239.49 -0.09 203702 128.7 | 1.29
Model 3-1 726.21 1833.70 169.94 -0.05 191719 121.2 | 0.833
Model 3-2 700.88 1840.60 115.60 -0.04 185032 116.9 | 0.836
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Fig. 17 Flow experiment at same term in the upper stream of the Ishikari River at Moseushi-Hashi (observation
point8) same as Fig.14.

Table 14 Flow experiment comparision at the upper stream of the Ishikari River at Moseushi-Hashi (observation
point8) same as Table 10.

Point8 ave. max. min. NS total flow Tfr Pr
Om’/sO | Om?/s0 | Omd/sO Om3/11days0 | (%)
real 236.39 1110.55 113.74 - 62407 - -
Model 2-1 | 319.31 1764.10 98.41 | -0.76 84299 135.1 | 1.59
Model 2-2 | 318.92 1764.10 98.41 | -0.67 84194 1349 | 1.59
Model 3-1 | 332.77 677.56 69.59 0.11 87851 140.8 | 0.610
Model 3-2 | 309.20 673.09 3550 | 0.21 81629 130.8 | 0.606
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Fig. 18 Flow experiment at same term in the upper stream of the Ishikari River at Ino (observation point9) same
as Fig.14.

Table 15 Flow experiment comparision at the upper stream of the Ishikari River at Ino (observation point9) same

as Table 10.
Point9 ave. max. min. NS total flow Tfr Pr
Om3/sO | Om?/s0 | Omd/sO 0 m3/11daysD (%)
real 243.76 1213.98 134.28 - 64352 - -
Model 2-1 236.27 2142.17 42.06 0.44 62375 96.9 1.76
Model 2-2 294.09 1953.06 80.87 0.46 77639 120.6 | 1.61
Model 3-1 305.61 625.45 57.79 -0.10 80680 125.4 | 0.515
Model 3-2 287.62 625.15 29.91 -0.06 75932 118.0 | 0.515
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Fig. 19  Flow experiment at same term in Chitose river (observation pointl) same as Fig.14.
Table 16  Flow experiment comparision in Chitose river (observation pointl) same as Table 10.
Pointl ave. max. min. NS total flow Tfr Pr
Om3/s0 | Omd/s0 | Om/sO O m3/11daysD (%)
real 46.70 77.16 36.11 - 12328 - -
Model 2-1 56.78 144.02 27.21 <-1.00 14462 117.3 | 1.87
Model 2-2 54.63 144.02 27.21 <-1.00 14421 117.0 | 1.87
Model 3-1 45.04 7791 28.58 0.37 11891 96.5 1.01
Model 3-2 54.02 149.06 24.58 <-1.00 14260 115.7 | 1.932
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Flow experiment at same term in Yubari river (observation point2) same as Fig.14.

Table 17  Flow experiment comparision in Yubari river (observation point2) same as Table 10.

Point2 ave. max. min. NS total flow Tfr Pr
Om3/s0 | Omd/s0 | Om/sO O m3/11daysD (%)
real 90.73 205.74 39.58 - 23953 - -
Model 2-1 97.64 409.62 28.62 <-1.00 25776 107.6 | 1.99
Model 2-2 97.46 409.62 28.62 -0.91 25729 107.4 | 1.99
Model 3-1 88.86 182.30 25.92 0.71 23460 97.9 | 0.886
Model 3-2 88.29 184.71 23.10 0.68 23307 97.3 | 0.898
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Fig. 21  Flow experiment at same term in Sorachi river (observation point7) same as Fig.14.
Table 18  Flow experiment comparision in Soraachi river (observation point7) same as Table 10.
Point7 ave. max. min. NS total flow Tfr Pr

Om’/s0 | Om?/s0 | Om’/sO O m?/11days0 (%)

real 230.57 1048.94 52.29 - 60869 - -
Model 2-1 249.05 1181.48 36.00 0.13 65749 108.0 | 1.13
Model 2-2 308.57 1168.87 71.10 -0.04 81462 133.8 | 1.11
Model 3-1 307.32 1218.15 69.29 -0.02 81132 133.3 | 1.16
Model 3-2 307.97 1206.28 64.45 -0.04 81304 133.6 | 1.15
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Flow experiment at same term in Uryu river (observation point10) same as Fig.14.

Table 19  Flow experiment comparision in Uryu river (observation point10) same as Table 10.

Point10 ave. max. min. NS total flow Tfr Pr
Om3/s0 | Omd/s0 | Om/sO O m3/11daysD (%)
real 35.20 81.74 25.97 - 9294 - -
Model 2-1 42.67 82.53 22.35 <-1.00 11266 121.2 | 1.01
Model 2-2 61.86 103.98 43.58 <-1.00 16331 175.7 | 1.27
Model 3-1 33.99 64.22 15.38 -0.85 8972 96.5 | 0.786
Model 3-2 30.57 86.95 6.35 <-1.00 8070 86.8 1.06

39




50 i i
mobserved flow
45 omodel3-1 1
Emodel3-2
40 Emodel2-1 1
mmodel2-2
35
~~
% 30
é 25
S /
Q 20 ‘/ \\\
LL N — .
[
10 //\ \
5 ——— "‘_, o —~— A\
N
0
08/21  08/22 0823 08/24  08/25  08/26 08/28  08/29  08/30
Date
Fig. 23  Flow experiment at same term in Uryu river (observation pointl 1) same as Fig.14.
Table 20  Flow experiment comparision in Uryu river (observation pointl1) same as Table 10.
Point11 ave. max. min. NS total flow Tfr Pr
Omd/s0 | Omd/s0 | Omd/sO O m3/11days|] (%)
real 3.21 5.73 1.51 - 847 - -
Model 2-1 11.20 14.81 8.58 <-1.00 2958 349.1 | 2.58
Model 2-2 19.14 23.73 15.90 <-1.00 5054 596.5 | 4.14
Model 3-1 9.02 11.39 6.27 <-1.00 2390 282.1 | 1.99
Model 3-2 6.32 14.29 2.64 <-1.00 1669 197.0 | 2.49
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Table 21

Comparison of peak flow times of observation and each models, at each points of the Ishikari River at

2010.
| point name | observation | Model 2-1 | Model2-2 | Model3-1 | Model 3-2

point3 | 8/24 12UTC | 8/25 09UTC | 8/25 12UTC | 8/25 06UTC | 8/25 08UTC
pointd | 8/24 11UTC | 8/25 04UTC | 8/25 05UTC | 8/25 03UTC | 8/25 03UTC
point5 | 8/24 08UTC | 8/25 00UTC | 8/25 01UTC | 8/25 00UTC | 8/25 01UTC
point6 | 8/24 09UTC | 8/24 I8UTC | 8/24 20UTC | 8/24 20UTC | 8/24 21UTC
point8 | 8/24 23UTC | 8/24 08UTC | 8/24 09UTC | 8/24 20UTC | 8/24 20UTC
point9 | 8/24 00UTC | 8/24 00UTC | 8/24 00UTC | 8/24 13UTC | 8/24 12UTC
point] | 8/2506UTC | 8/24 08UTC | 8/24 18UTC | 8/25 03UTC | 8/24 18UTC
point2 | 8/25 15UTC | 8/24 13UTC | 8/24 14UTC | 8/25 01UTC | 8/25 02UTC
point7 | 8/24 00UTC | 8/24 13UTC | 8/24 13UTC | 8/24 13UTC | 8/24 13UTC
pointl0 | 8/23 13UTC | 8/24 00UTC | 8/24 00UTC | 8/24 02UTC | 8/23 23UTC
pointl1 | 8/2506UTC | 8/23 09UTC | 8/23 13UTC | 8/25 13UTC | 8/23 16UTC
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Table 22  The outline of changed precipitation experiment at 2010
item name setting
CASE 2010-M1 | 80 230 120 UTCO O 230 UTCLO O OODO 1.50
CACE2010-M2 | O00OOO0OOOOO 2.00
CASE2010-S3 |0000D00ODOODO 15km0O 0
CASE2010-S4 | 0DO000O0OO0OO0DOO 30kmd0O
CASE2010-MS5 | 000000000 30kmOODODOODOO 150
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Fig. 24 In the case of 1.5 times total amount of precipitation (mm) from 1800 to 2300 UTC on 23 August 2010
(CASE 2010-M1).
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Fig. 25 In the case of 2.0 times total amount of precipitation (mm) from 1800 to 2300 UTC on 23 August 2010
(CASE 2010-M2).
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Fig. 26 The total amount of precipitation CASE 2010-S3 moved rainband to 15km the south at 1800-2300UTC
on 23 August 2010.
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Fig. 27 The total amount of precipitation CASE 2010-S4 moved rainband to 30km the south at 1800-2300UTC
on 23 August 2010.
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Fig. 28 The total amount of precipitation CASE 2010-MS5 multipied by 1.5 and moved rainband to 30km the
south at 1800-2300UTC on 23 August 2010.
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The results of flow experiment using changed precipitation from 20 to 31 August 2010 in Ishikari—-Ohashi
(observed point3). Dashed lines denote outflow at model 2-1. These color thick lines show outflow at
each experiments for observation flow in black, CASE 2010-M1 in green, CASE 2010-M2 in red, CASE
2010-S3 in blue, CASE 2010-S4 in orange, CASE 2010-MSS5 in pink.
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Fig. 30 The results of flow experiment using changed precipitation at the same term in Iwamizawa—Ohashi (ob-
served point4) same as Fig.29.
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Fig. 31 The results of flow experiment using changed precipitation at the same term in Tsukigata (observed
point5) same as Fig.29.
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Fig. 32 The results of flow experiment using changed precipitation at the same term in Naie—Ohashi (observed
point6) same as Fig.29.
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Fig.33 The results of flow experiment using changed precipitation at the same term in the upper stream of Ishikari
river at Moseushi—Hashi (observed point8) same as Fig.29.
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Fig.34 The results of flow experiment using changed precipitation at the same term in the upper stream of Ishikari
river at Ino (observed point9) same as Fig.29.
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Fig. 35 The results of flow experiment using changed precipitation in Chitose river (observed pointl) same as
Fig.29.
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Fig. 36 The results of flow experiment using changed precipitation in Yubari river (observed point2) same as
Fig.29.
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Fig. 37 The results of flow experiment using changed precipitation in Sorachi river (observed point7) same as
Fig.29.
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Fig. 38 The results of flow experiment using changed precipitation in Uryu river (observed point10) same as
Fig.29.
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Fig. 39 The results of flow experiment using changed precipitation in Uryu river (observed pointl1) same as
Fig.29.
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Fig. 49 Flow experiment at 31 August - 10 September 2011 at Ishikari—Ohashi (obserbed point3). The light blue
bars denote total hourly rainfall amount of drainage basin. These color thick lines show outflow at each
experiments for observation flow in black, model 3-1 in orange, model 3-2 in green. These dashed color
lines denote outflow at each experiments for model 1-1 in pink, model 2-1 in red, model 2-2 in blue.
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Table

25 Flow experiment comparision at Ishikari-Ohashi(observation point 3). For each of table items ave. is
the average value of outflow (m3/5s), max is the maximum value (m3/5s), min. is minimum value (m3/s),
NS is the Nash-Sutcliffe coefficient calculated by observed flow and calculated flow, total flow is the
total sum from August 21 to 30, Tfr is the ratio of total observed flow and total calculated flow, and Pr

is the peak ratio of the observed flow and calcurated flow.

Point ave. max. min. NS total flow Tfr Pr
Om/sO | Om?/sO | Om’/sO Om/11days0 | (%)

real 2123.79 | 5653.69 285.71 - 560681 - -
Model 1-1 | 2743.64 | 5960.56 | 319.39 | 0.53 734320 129.2 | 1.05
Model 2-1 | 2019.60 | 7135.58 313.03 | 0.88 533175 95.1 | 1.26
Model 2-2 | 2129.75 | 8566.51 310.03 | 0.84 562254 100.3 | 1.52
Model 3-1 | 2121.72 | 6424.51 194.09 | 0.92 560133 99.9 | 1.14
Model 3-2 | 2232.53 | 7117.14 199.17 | 0.89 589387 105.1 | 1.26
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Fig. 50 Flow experiment at same term in the upper stream of the Ishikari River at Iwamizawa-Ohashi (observation
point4). hese color thick lines show outflow at each experiments for observation flow in black, model 2-1
in red, model 2-2 in blue, model 3-1 in orange, model 3-2 in green.

Table 26  Flow experiment comparision at Iwamizawa-Ohashi (observation point4) same as Table 25.

Point4 ave. max. min. NS total flow Tfr Pr
Om?/sO | Om?/sO | Om?/s0 O m?/11days0 | (%)
real 1722.52 4923.76 253.34 - 454746 - -
Model 2-1 | 1534.21 6482.74 25797 | 0.81 405033 89.1 | 1.32
Model 2-2 | 1628.27 7819.97 255.86 | 0.78 429863 94.5 | 1.59
Model 3-1 | 1757.17 5752.71 17295 | 092 463893 102.0 | 1.17
Model 3-2 | 1859.73 6789.73 167.93 | 0.88 490967 108.0 | 1.38
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Fig. 51 Flow experiment at same term in the upper stream of the Ishikari River at Tsukigata (observation point5)
same as Fig.50.

Table 27  Flow experiment comparision at Tsukigata (observation point5) same as Table 25.

Point5 ave. max. min. NS total flow Tfr Pr
Om/sO | Om?/sO | Om’/sO Om?/11days0 | (%)
real 1563.44 | 4722.00 | 262.02 - 412748 - -
Model 2-1 | 1454.84 | 6396.52 | 245.05 | 0.81 384077 93.1 | 1.35
Model 2-2 | 1541.71 | 7683.05 244.09 | 0.78 407011 98.6 | 1.63
Model 3-1 | 1636.87 | 5551.96 167.48 | 0.91 432135 104.7 | 1.18
Model 3-2 | 1740.68 | 6794.08 163.45 | 0.88 459539 1113 | 1.44
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Fig. 52 Flow experiment at same term at Naie-Ohashi (observation point6) same as Fig.50.
Table 28  Flow experiment comparision at Naie-Ohashi(observation point6) same as Table 25.
Point6 ave. max. min. NS total flow Tfr Pr
Om3/s0 | Om3/s0 | Omd/sO O m3/11days|] (%)
real 1411.09 4696.13 237.77 - 372529 - -
Model 2-1 1397.08 6318.72 223.67 0.87 368830 99.0 | 1.35
Model 2-2 1476.86 7585.10 223.35 0.81 389891 104.7 | 1.62
Model 3-1 1551.00 5650.42 158.21 0.91 409464 1099 | 1.20
Model 3-2 1654.58 6816.09 159.36 0.86 436808 117.3 | 1.45
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Fig. 53 Flow experiment at same term in the upper stream of the Ishikari River at Moseushi-Hashi (observation
point8) same as Fig.50.

Table 29 Flow experiment comparision at the upper stream of the Ishikari River at Moseushi-Hashi (observation
point8) same as Table 25.

Point8 ave. max. min. NS total flow Tfr Pr
Om’/s0 | Om?/s0 | Omd/sO Om3/11days0 | (%)
real 573.54 | 2616.69 109.50 - 151414 - -
Model 2-1 | 565.28 | 3140.18 93.44 -0.56 149235 98.6 | 1.20
Model 2-2 | 59322 | 3936.66 9236 | <-1.00 156610 103.4 | 1.50
Model 3-1 | 689.26 | 3097.22 51.55 0.06 181966 1202 | 1.18
Model 3-2 | 72450 | 3574.86 71.69 -0.27 191267 126.3 | 1.37

75



4000 i i

mobserved flow
3500 omodel3-1 L1
Emodel3-2
Emodel2-1 I
3000 mmodel2-2 L

N
a
o
o

Flow(m3/s)

,_\

o

o

o
—

1000 \\

500

R S b=

08/31 09/01 09/02 09/03 09/04 09/05 09/06 09/07 09/08 09/09 09/10

Date

Fig. 54 Flow experiment at same term in the upper stream of the Ishikari River at Ino (observation point9) same
as Fig.50.

Table 30 Flow experiment comparision at the upper stream of the Ishikari River at Ino (observation point9) same

as Table 25.
Point9 ave. max. min. NS total flow Tfr Pr
Om3/s0 | Om?/s0 | Omd/sO 0 m3/11daysD (%)

real 562.54 2789.44 108.32 - 148511 - -
Model 2-1 495.55 2958.95 71.41 0.86 130826 88.1 | 1.06
Model 2-2 520.10 3658.61 70.70 0.78 137307 92.5 | 1.31
Model 3-1 621.96 2764.43 44.52 0.77 164199 110.6 | 0.99
Model 3-2 648.89 3222.43 61.86 0.81 171307 1154 | 1.16
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Fig. 55 Flow experiment at same term in Chitose river (observation pointl) same as Fig.50.
Table 31 Flow experiment comparision in Chitose river (observation pointl) same as Table 25.
Pointl ave. max. min. NS total flow Tfr Pr
Omd/s0 | Omd/s0 | Omd/sO O m3/11days|] (%)
real 71.43 144.25 29.30 - 18857 - -
Model 2-1 227.25 1325.75 20.25 <-1.00 59995 318.2 | 9.19
Model 2-2 227.25 1325.75 20.34 <-1.00 60823 3225 | 8.15
Model 3-1 66.19 225.85 4.88 0.30 17474 92.7 | 1.57
Model 3-2 68.34 240.83 4.72 0.26 18042 95.7 | 1.67
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Fig. 56  Flow experiment at same term in Yubari river (observation point2) same as Fig.50.
Table 32  Flow experiment comparision in Yubari river (observation point2) same as Table 25.
Point2 ‘ ave. ‘ max. ‘ min. ‘ NS ‘ total flow ‘ Tfr ‘ Pr ‘
real 209.72 | 731.59 | 9.20 - 55367 - -
Model 2-1 | 193.11 | 892.66 | 24.07 | -0.54 50982 92.1 | 1.22
Model 2-2 | 202.37 | 883.87 | 22.10 | -0.76 53425 96.5 | 1.21
Model 3-1 | 216.24 | 585.39 | 8.27 | 0.65 57088 103.1 | 0.80
Model 3-2 | 224.89 | 475.42 | 19.93 | 0.69 59370 107.2 | 0.65
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Fig. 57  Flow experiment at same term in Sorachi river (observation point7) same as Fig.50.
Table 33  Flow experiment comparision in Soraachi river (observation point7) same as Table 25.
Point7 ave. max. min. NS total flow Tfr Pr
Om’/s0 | Om?/s0 | Om’/s0 0 m3/11days0 (%)
real 347.54 1480.01 49.11 - 91750 - -
Model 2-1 378.92 1530.79 64.42 0.70 100034 109.0 | 1.03
Model 2-2 402.05 1859.19 63.39 0.76 106142 115.7 | 1.26
Model 3-1 343.21 1858.68 53.84 0.86 90607 98.8 | 1.26
Model 3-2 418.49 2204.65 49.32 0.76 110481 1204 | 1.49
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Fig. 58  Flow experiment at same term in Uryu river (observation point10) same as Fig.50.
Table 34  Flow experiment comparision in Uryu river (observation point10) same as Table 25.
Point10 ave. max. min. NS total flow Tfr Pr
Om3/s0 | Om3/s0 | Omd/sO O m3/11days|] (%)
real 254.81 1319.20 23.97 - 67270 - -
Model 2-1 290.99 1367.40 37.83 0.91 76820 114.2 | 1.04
Model 2-2 307.98 1578.19 36.81 0.86 81307 1209 | 1.20
Model 3-1 280.80 1299.33 31.69 0.92 74130 110.2 | 0.98
Model 3-2 284.59 1374.99 19.28 0.88 75132 111.7 | 1.04
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Fig. 59  Flow experiment at same term in Uryu river (observation pointl 1) same as Fig.50.
Table 35 Flow experiment comparision in Uryu river (observation pointl1) same as Table 25.
Point11 ave. max. min. NS total flow Tfr Pr
Om3/s0 | Om3/s0 | Omd/sO O m3/11days|] (%)
real 72.11 275.29 2.01 - 19036 - -
Model 2-1 90.20 332.27 17.29 0.71 23812 125.1 | 1.21
Model 2-2 96.50 411.37 17.26 0.62 25476 133.8 | 1.49
Model 3-1 92.19 358.06 14.45 0.74 24338 1279 | 1.30
Model 3-2 93.29 354.99 7.92 0.75 24628 1294 | 1.29

81




Table 36 Comparison of peak flow times of observation and each models, at each points of the Ishikari River at

2011.

| point name | observation | Model 2-1 | Model 2-2 | Model 3-1 | Model 3-2 |
point3 | 9/4 08UTC | 9/3 07UTC | 9/3 06UTC | 9/3 14UTC | 9/3 12UTC
pointd | 9/3 1IUTC | 9/3 03UTC | 9/3 02UTC | 9/3 07UTC | 9/3 04UTC
point5 | 9/305UTC | 9/4 09UTC | 9/3 00UTC | 9/3 05UTC | 9/3 02UTC
point6 | 9/301UTC | 9/2 21UTC | 9/2 20UTC | 9/3 01UTC | 9/2 23UTC
point8 | 9/309UTC | 9/2 13UTC | 9/2 14UTC | 9/2 18UTC | 9/2 17UTC
point9 | 9/2 11UTC | 9/2 09UTC | 9/2 08UTC | 9/2 12UTC | 9/2 11UTC
pointl | 9/4 22UTC | 9/6 04UTC | 9/6 07UTC | 9/6 17UTC | 9/6 11UTC
point2 | 9/4 19UTC | 9/3 18UTC | 9/3 19UTC | 9/4 00UTC | 9/4 02UTC
point7 | 9/2 17UTC | 9/2 20UTC | 9/2 19UTC | 9/2 16UTC | 9/2 16UTC
pointl0 | 9/2 20UTC | 9/2 09UTC | 9/2 09UTC | 9/2 10UTC | 9/2 18UTC
pointl1 | 9/308UTC | 9/2 10UTC | 9/2 09UTC | 9/2 10UTC | 9/2 08UTC
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Table 37  The outline of changed precipitation experiment at 2011
item name setting
CASE2011-M1 |80 3000090 12000000 1.20
CASE2011-M2 | O000O0O0OO0OO0OO 150
CASE2011-M3 |90 5000 12000000 150
CASE2011-S4 |80 300009040000000 30kmO0O
CASE2011-MS5 | 00000000000 30kmOOOODODOO 120
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Fig. 60 In the case of 1.2 times total amount of precipitation (mm) by 1.2 from 30 August to 4 September 2011
(CASE 2011-M1).
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Fig. 61 In the case of 1.2 times total amount of precipitation (mm) from 5 to 12 September 2011 (CASE 2011-
M2).
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Fig. 62 In the case of 1.5 times total amount of precipitation (mm) from 30 August to 4 September 2011
(CASE 2011-M3).
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Fig. 63 Inthe case of 1.5 times total amount of precipitation (mm) from 5 to 12 September 2011 (CASE 2011-S4).

445N

43.75N

1..5&

43.5N

"“-w r..‘

b
lru

43.25N

¢

‘
4

I’
2 P
AJ x\ Yo P

..,___,____,,1

_w? ....___"-_—_

1
R
..mu,mu

43N

175 200 250 300

50 75 100 125 150

25

Fig. 64 The total amount of precipitation CASE 2011-MS5 when moved rainband to 30km the south at 30 August

- 4 September 2011.
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Fig. 65 The total amount of precipitation when multipied by 1.2 and moved rainband to 30km the south 30

Fig. 66

August - 4 September 2011.
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Time series of flow experiment at Ishikari—-Ohashi (observed point3) based on virtual precipitaion from
31 August to 10 September 201 1. Dashed lines denote outflow at model 2-1. These color thick lines show
outflow at each experiments for observation flow in black, CASE 2010-M1 in green, CASE 2010-M2 in
red, CASE 2010-S3 in blue, CASE 2010-S4 in orange, CASE 2010-MSS5 in pink.
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Fig. 67 The results of flow experiment using changed precipitation at the same term in Iwamizawa—Ohashi (ob-
served point4) same as Fig.29.
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Fig. 68 The results of flow experiment using changed precipitation at the same term in Tsukigata (observed
point5) same as Fig.29.
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Fig. 69 The results of flow experiment using changed precipitation at the same term in Naie—Ohashi (observed
point6) same as Fig.29.
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Fig. 70 The results of flow experiment using changed precipitation at the same term in the upper stream of Ishikari
river at Moseushi—Hashi (observed point8) same as Fig.29.
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Fig. 71 The results of flow experiment using changed precipitation at the same term in the upper stream of Ishikari
river at Ino (observed point9) same as Fig.29.
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Fig. 72 The results of flow experiment using changed precipitation in Chitose river (observed pointl) same as
Fig.29.
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Fig. 73 The results of flow experiment using changed precipitation in Yubari river (observed point2) same as
Fig.29.
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Fig. 74 The results of flow experiment using changed precipitation in Sorachi river (observed point7) same as
Fig.29.
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Fig. 75 The results of flow experiment using changed precipitation in Uryu river (observed point10) same as
Fig.29.
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Fig. 76 The results of flow experiment using changed precipitation in Uryu river (observed pointl1) same as
Fig.29.
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GrADSOO0O0ODODOOO0O0ODODOOO

MSMOOOOOOODOOoOoOOoOoogo

&

*usage: ( after opening grads and control file )
* ga-[] run msm-ept-e-es-mr.gs

* ga-0 d variables

&

*

* p = atmospheric-pressure (pa)

* T = temperature (K)

* RH = relative-humidity (%)

* pt = potential-temperature (K)

*ept = equivalent-potential-temperature (K)
* e = water-vapor-pressure (hPa)

* es = saturated-water-vapor-pressure (hPa)
* mr = water-vapor-mixing-ratio (kg/kg)

* q = specific humidity (kg/kg)

k

* pow = power ( ruijo )

* exp = exponent ( € no X jo )

*

*k

*k

set gxout shaded

set mpdset hires
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set LON 125 150
set LAT 30 46
set grads off

*

sk O A LCULATION ottt
*

tmp=t

pt=tmp*pow(1000/(p/100),0.286)
es=6.1173*10*10*exp((-2.501*pow(10,6)/461.5)*((1/tmp)-(1/273.2)))
es=621.97*(es/(p-es))

w=(rh*ws)/(100*1000)
ept=(tmp+((2.501*pow(10,6))/1004)*w)*pow((1000/(p/100)),287/1004)
e=rh/100%*es

mr=0.622%¢/(p-e)

g=mr/(1.0+mr)

*

sk D[S PLAY #k kot ok
k

set clevs 300 305 310 315 320 325 330 335 340 345 350 355 360
dept

set arrscl 1 50

d skip(u,8,8);v

cbarn 1 05.50.5

*k

*

*k

goboboooooboboooobo

set xlopts 1 2 0.18
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set ylopts 1 2 0.18

color 300 350 -kind steelblue-UJ deepskyblue-U skyblue-U greenyellow-U yellow-[J darkorange-UJ
red

set clevs 300 305 310 315 320 325 330 335 340 345 350

set clevs 315 317.5 320 322.5 325 327.5 330 332.5 335 337.5 340
dept

cbarn 105.50.5

set arrscl 1 15

set ccolor 1

duv

goboood

set LON 140.5 143.5

set LAT 42.5 44.5

set grads off

set mpdset hires

set gxout shaded

setmap 115

set xlopts 1 4 0.15

set ylopts 1 4 0.15

color 0 200 -kind snow-[J lightcyan -[0 deepskyblue-[J lawngreen -[1 yellow-[] orange-[] tomato
set clevs 025 50 75 100 125 150 175 200 250 300
set parea 1.59.51.58

d rain

cbarn 1.505.50.5

GMTUOOOOODODOOOOOoOd

EEN

#!/bin/bash
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gmtset PAPER_MEDIA=a4+

makecpt -Cglobe.cpt -T-6000/6000/250 -Z U dem.cpt

####input-data

inputl =riverlines.txt

input2=ishikari_bound.txt

input3=point_obs.txt

input4=point_dam.txt

input5=numbers.txt

inputb=mount.txt

input7=river_name.txt

input8=timei.txt

####output-data

output=area.eps

#-Rsetting

range=140.5/143.5/42.3/44.5

#

grdimage Hokkaido_50m.grd -R$range -JM15 -Cdem.cpt -P -Q -X3 -Y5 -K O $output
psbasemap -R$range -JM15 -Ba0.5f0.5/a0.5f0.5 -P -K -O O O S$output

psscale -Cdem.cpt -Ba2000g250f500:Elevation(m)”: -D7.5/-1.2/17/0.5h -K -O O O $output
#

psxy $inputl -JM -W3/67/135/233 -M -R -P -V -K -O O O S$output

psxy $input2 -JM -W10/229/0/30 -M -R -P -V -K -O O O $output

psxy $input3 -JM -R -W0.25/25/25/25 -G255/255/255 -Sc0.45 -K -O O O S$output
psxy $inputd -JM -R -W0.25/25/25/25 -G231/232/226 -Sn0.48 -K -O O O Soutput
psxy $input8 -JM -R -W0.25/25/25/25 -G242/216/223 -Sd0.50 -K -O O O Soutput

#

pstext $input5 -JM -R -C0/0 -D0/0 -P -K -O 0 O S$output

pstext $input6 -JM -R -C0/0 -D0/0 -W250/250/250,0 -G25/25/25 -C0.1 -P -K -O O O S$output
pstext $input7 -JM -R -C0/0 -D0/0 -G255/79/25 -C0.1 -P-K -O O O S$output

#
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pslegend -Dx0.3/14/5.0¢/1.8¢/TL -JM -R -F -O ;;END O O Soutput
S 0.2¢ ¢ 0.30c 255/255/255 0.2p 0.5¢ Observation Points

S 0.2¢ n 0.35¢ 231/232/226 0.2p 0.5¢ Dam Points

S 0.2c d 0.35¢ 242/216/223 0.2p 0.5¢ Place name

END

goboood

#!/bin/bash

$gmtset PAPER_MEDIA=a4$

$gmtset PLOT_DATE_FORMAT=mm/dd$
$gmtset OUTPUT_DATE_FORMAT=mm/dd$
out=output.ps

inl=inputl.txt

in2=input2.txt

in3=input3.txt

ind=input4.txt
range=2010-08-21T00:00:00/2010-08-31T23:00:00/0/10000
size=X22T/13

Xscale=alDf1DglD
Yscale=a1000f250g1000

#black inl

psxy $inl -RS$range -J$size
-B$Xscale:”Date”:/$Yscale:”Flow(m3/s)”’:WSne
-W8/25/25/25 -X5 -Y3 -K O $output

#blue in2

psxy $input2 -R$range -J$size

-B -W8/15/82/188 -K -O O O $output

#green in3

psxy $input3 -R$range -J$size
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-B -W8/0/255/65 -K -O O O S$output

#red in4

psxy Sinput4 -R$range -J$size

-B -W8/255/0/55 -K -O O O S$output

pslegend -Dx14.1/13/5¢/4.5¢/TL -G255/255/255 -JX -R-F-O 0 O END O O $output
S 0.2c s 0.3¢ 25/25/25 0.25p 0.4c¢ ishikari-ohashi

S 0.2¢ s 0.3¢ 188/189/194 0.25p 0.4c iwamizawa-ohashi

S 0.2¢ 5 0.3¢ 0/255/65 0.25p 0.4c tsukigata

S 0.2¢ s 0.3¢ 255/0/55 0.25p 0.4¢ naie-ohashi

END

200000

#!/bin/bash/

$gmtset PAPER_MEDIA=2a4$

$gmtset PLOT_DATE_FORMAT=mm/dd$

$gmtset OUTPUT_DATE_FORMAT=mm/dd$

rain=rain.txt

flow=flow.txt

out=output.ps

inl=inputl.txt

in2=input2.txt

in3=input3.txt

in4=input4.txt
rangeSW=2010-08-21T00:00:00/2010-08-31T23:00:00/0/10000
rangeNE=2010-08-21T00:00:00/2010-08-31T23:00:00/0/400000
size=X22T/13

size2=X22T/-13

afgS=alDf1Dg1D

afgW=a1000£250g1000
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afgN=alDf1Dg1D

afgE=a40000£10000g40000

psbasemap -R$rangeSW -J$size -B$afgS:”Date”:/$afgW:"Flow (m3/s)”:WSne
-X3.5-Y4-K O $out

psxy $flow -R -J$size -W12 -K -O O O S$out

psbasemap -R$rangeNE -J$size2 -B$afgN/$afgE:"Rainfall (mm/h)”:wsNE
-K-000O S$out

psxy $rain -J$size2 -R$rangeNE -Sb0.041u -G180/235/250 -K -O O O S$out
psxy $inl -R$rangeSW -J$size -W12/53/161/107 -K -O O O $out

psxy $in2 -R$rangeSW -J$size -W12/255/40/0 -K -O O O $Sout

psxy $in3 -R$rangeSW -J$size -W12/0/65/255 -K -O U O $out

psxy $ind -R$rangeSW -J$size -W12/199/178/222 -K -O O O $out
pslegend -Dx15.5/9.9/6.2¢/3.5¢/TL -G255/255/255 -J$size -R$range
-F-O0O O EOF O O $out

S 0.2¢ s 0.3¢c 0/0/0 0.25p 0.4c flow

S 0.2¢ s 0.3¢ 180/235/250 0.25p 0.4c rain

S 0.2¢ 5 0.3¢ 53/161/107 0.25p 0.4¢ inputl

S 0.2¢ s 0.3¢ 255/40/0 0.25p 0.4c¢ input2

S 0.2¢ s 0.3¢ 0/65/255 0.25p 0.4c input3

S 0.2¢ s 0.3c 199/178/222 0.25p 0.4c inputd

EOF
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