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Monitoring in the Yilan River and Dianbo River Experimental

Watershed in 2016
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Abstract
Experimental watersheds have been built for 4 years. The watersheds
will be maintained to collect hydrological data continuously and then
provide data for hydrology analysis and simulations. The following

presents the work items this year.
1. Sites in the experimental watershed and increase

The experimental watersheds include the Yilan River basin and
the Dianbo River basin. The amount of sites are shown in Table 1
including measurements of rainfall, river water level, river surface
velocity and flood depth. Figure 1 and Figure 2 show site distribution

in the Yilan River basin and the Dianbo River basin, respectively.

Table 1 Site amount in the Yilan River basin and the Dianbo River basin

watershed
Yilan River Dianbo River
before now before now
2012/7 (-2015/12) 2012/7 (-2015/12)
Rainfall 5 11 2 9
River water level 2 16 2 13
River surface 0 5 0 5
velocity
Flood depth 5 36 0 27
Image record 0 1 0 1
Wind speed 0 1 0 1
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2. Di

scharge measurement during typhoon and flood
Diccharge during typhoon and flood is measured by ADCP to
get real discharge and then estimate ratio of average velocity and
surface velocity. In 2016, discharge measurements had been done
during Plum rain, typhoon Nepartak, typhoon Meranti and typhoon
Megi. The discharge data measured by ADCP during flood events are
summarized in Table 2. Figure 3 shows the dsicharge measurement
at he Chungshan Bridge in the Yilan River and Figure 4 presents the

history of water level and meausred discharge data.

Table 2 Summary of discharge data measured by ADCP during flood events
site River Max water | Embankme | Bed elevation | Range of measured

level [m] nt top [m] [m] discharge [m®/s]

Chungshan | Yilan 5.46 10.85 111 3.273 - 99.433
Bridge River

Yuanshan | Yilan 7.78 13.40 4.79 3.187 - 60.417
Bridge River

Donjin | Yilan 271 351 -0.89 2,003 — 64.105
Bridge River

Yenfong | Dianbo 22.09 25.3 19.63 0.121 - 62.691
Bridge River

Waulilin | Dianbo 6.83 7.13 1.67 0.378 — 242.933
Bridge River

Boukong | Dianbo 5.69 6.72 2.19 6.663 — 62.121
Bridge River

Figure 3 Discharge measurement at Chungshan Bridge in the Yilan River basin

during typhoon Megi

A-3




7.0

6.5

6.0

7KAr [m]
>

4.0

3.5

3.0

— 7K AL

O Jfii= ADCP

24

48

72

BE[E e [hour], B 2016/9/26

96

120

100
80
2
60 =
I
S
40
20
0

Figure 4 History of water level and measured discharges at Chungshan Bridge
in the Yilan River basin during typhoon Megi

3. Data examination
Data amount have reached 92,377,288 since 2012/7. The data of

rainfall and river water level have been examined. A specific water

level, WLyg, has been determined to give suggestion of reliable river

surface velocities. Measured surface velocities are suggested for

further applications as water level more than WLg4. Table 3 and Table

4 list the WLq for each site in the experimental watershed.

Table 3 The WLgq for sites in the Yilan River basin

Flood even
Saola | Soulik Fung- Soudelor | Dujuan Wia[m]
Wong
Xinchen | g es | g8o0 | 841 8.79 8.59 8.66
Bridge
Yuanshan | o0 | 590 | 559 | 571 | 562 | 546
. Brdge
Yilan Chungshan
River _g 451 4.68 4.45 4.67 451 456
Bridge
YixinBridge *x *x 1.12 1.34 1.53 1.33
Donjin ok xx 087 | 089 | 085 0.87
Bridge

note : ' ** | means site was not installed during this event
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Table 4 The WL4 for sites in the Dianbo River basin

Flood event
0809
Saola Kong- heavy | Soudelor Wia[m]
Rey .
rain
Yenfong
Bridge 20.24 20.55 20.14 20.13 20.27
Dianbo Sanxin
River Bridge 7.40 1.47 7.49 8.20 7.64
Wulilin
Bridge 1.21 1.35 1.30 1.30 1.29

4. Validations of numerical models

To properly simulate hydrological process in the experimental
watersheds, seveal flood events were considered in this project. Same
parameter used in the same numerical model presented different values
for different flood events. Therefore we organized the several used
parameters to improve simulation results. In the project, three kinds of
models were considered: rainfall-runoff model, river routing model and
2D inundation model. The model HEC-HMS was used for rainfall-
runoff simulation. The model HEC-RAS was used for river routing.
Finally, the model SOBEK was used for inundation. We designed the
error tolence for each kind of simulation to determine the simulation
quality. Totally 3 flood events were simulated including typhoon
Soudelar (2015/8), typhoon Dujuan (2015/9) and typhoon Megi
(2016/9). The detailed simulation results can be referred to Chapter 5.

For applications, in the experimental watersheds, river water level
history and river surface velocity history were monitored by radar wave
sensor and continuous microwave radar. The water level data and
surface velocity data were therefore used to estimate discharge history
during flood. The estimated discharges were then used to establish
stage-discharge rating curve. Several sites were considered including

the Yuanshan Bridge, Chungshan Bridge, Yenfong Bridge and Waulilin
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Bridge.

5. Discharge estimation for flood

Index velocity method has been used to estimate river discharge
during typhoon. The precesses of discharge estimation for flood is
formulated. The ratios, o, of average velocity and surface velocity
for several sites have been calculated according discharge
measurements during typhoon and flood including plum rain,
typhoon Nepartak, typhoon Meranti and typoon Megi. Table 5 lists
the updated ratio at 4 sites. Figure 5 shows history of estimated
discharge at the Chungshan Bridge in the Yilan River basin during
typhoon Soudelor in 2015. Table 6 summarizes the peak disacharges

extracted from estimated discharge in flood events.

Table 5 Ratio of ratios of average velocity and surface velocity, o

Yilan River Dianbo River
site Yuanshan Chungshan Yenfong Waulilin
Bridge Bridge Bridge Bridge
o 0.504 0.699 0.667 0.445
900 8
800 A ——Soudelor (2015/8)
700 - KA -
600
mz 500 e
pe 400 ¥
300
-5
200 -
100 ~
0 T T T T 4
0 1000 2000 3000 4000 5000

B#RAFE [min], 52015/8/7

Figure 5 History of estimated discharge estimated discharge at the Chungshan
Bridge in the Yilan River basin during typhoon Soudelor, 2015
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Table 6 Summary of estimates peak discharge in flood event

Peak discharge [m®/s]
event Yilan River Dianbo River _
Yuanshan Chungshan Yenfong Wulilin
Bridge Bridge Bridge Bridge
Saola 2012 100.85 482.82 157.62 176.16
Soulik2013 100.10 262.00 -- --
Kong-Rey
2013 -- -- 201.61 237.63
Matmo 2014 40.78 118.49 -- --
Fung-Wong
2014 69.22 209.74 -- --
Soudelor 2015 122.40 561.21 136.71 171.57
Dujuan 2015 72.52 269.42 -- --

Note : -- means discharge estimation does not be calculated.

6. Website for sharing data

The website has been built to share the monitoring data in the
experimental watersheds. Users can see the real-time monitoring data
and downoad the historical monotoring data by linking
http://hd.ttfri.narl.org.tw/wraewV4/. The historical monitoring data
have been organized including rainfall, river water level, river surface
velocity and flood depth. Users can download the monthly
monitoring data or data of event, as shown in Figure 6 and Figure 7.
The esitmated discharges during flood events have been also

summarized.

A-7



m Event
Year Month

@ Moath 202 [Mos @09 @0 B @2
2013 [or Moz D03 o4 [os Mos [or foe Mo o @B M2

— Flow

- 2014 [D0 [0z (D03 [Do4 (Mos [Pos (o7 [Boe o9 o B @2

2005 o oz o3z [os Bos Bos Bo7 Foe oo Mo B M2
2016 [D0v 02 [Bo3 o4 [Tos [Fos

W=

m Event
Year Month

£ monen 2012 Gos @ Mo B @2

20013 Moy o2 o3 [Do4 [[os Mos [[o7 [oz B o B 2
2014 (D01 Doz (P03 [Dod [Dos Pos o7 Moz Do o B
2015 Do Moz 03 [Dos [os o6 [Do7 [ee Mos Mo B M2

= Flow

r~

2016 [D01 [0z (P03 [Do4 @05 [Dos

Figure 6 Page of downloading monthly data

e
m Event
Year Event
@ Month 2012 (D% mmmscala | Dosors m e | [y mmmKaitak | )% 288 Tembin | [ 2 % 02 Jelawat |
2013 (D% nmemSoulik | [Hmm i m Cimaron | ({2 % 8 % Trami | Ty 5 % 8 Kongrey | 1) % 8 R Usagi | [ 9 m & Fotow |
pu—
— Flow = — ===
m 2014 D& ®EmEMamo | [DOB0IEm ¥ (D% ® & WFungwong
= 2015 (D0s2116 m | (D15 B ENoul | [ 2 M M.Chan-hom | (3 72 MM Lints | (% m % M Soudelor | (D7 88 M Goni | (B2 W8 Dujuan |
2016 [Moer1wm | [De o=l Nepartak
 J
BEE

£ even
Year Event

Month 2012 Mw

2013 D% nmims

nwe | [DEsmsKatak | DE 2SmE Tembin | 58 0EJelawat |

%A B2 Cimaron | [ 2 8 Trami | Y™ & 8 S Kongrey | D)% % m 2 Usagl | [)% 35 @ & Fotow |
—
— Flow

20014 [)e gwong

e ELints | (D% 208 M Soudelor | D7 MM EGoni | [F2 8 8% Dujuan |

2015 [Dos21wm |

2016 [Posrimm ||

Figure 7 Page of downloading data of flood events

A-8



7. Summary of monitoring data in the Dianbo River basin
during tyhoon Megi
Typhoon Megi hit Taiwan from 9/27 to 9/28. For further analysis
and simulations, the monitoring data have been organized from 9/26 to
9/29. Table 7 list 4-day accumulated rainfall and the maximum rainfall
intensity. Figure 8 shows water level hisotry of 7 sites and Table 8

presents the maximum water level and occurrence time.

Table 7 Summary of monitoring rainfall data during typhoon Megi

Site Accumulated rafall, Max. intensity date time
9/26-9/29 [mm] [mm/hr]
KLGZ 417 52.5 9/27/2016 8:00 PM
COV610 375 39.5 9/27/2016 8:00 PM
COoV760 408 37 9/29/2016 | 1:00 AM
AZGX 565 51 9/27/2016 8:00 PM
HSGX 694 74.5 9/28/2016 | 3:00 AM
SSGZ 720 79 9/28/2016 | 3:00 AM
30 — 1 E
— I
25 R
N
20 - — KA
:;]' 15 - LRI
2 il (7 %
10 - ‘
5 "m
0 - : . . . .
0 24 48 72 96

FFREIFE [hr] » E2016/9/26
Figure 8 Water level history in the Dianbo River during typhoon Megi
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Table 8 Summary of the maximum water level in the Dianbo River during
typhoon Megi

Site Max. water level [m] Occurrence date and time
Yenfong Bridge 26.99 2016/9/28 4.27 am
Sanxin Bridge 13.73 2016/9/28 6.31 am
Wulilin Bridge 7.01 2016/9/28 6.40 am
Yenbu Bridge 6.48 2016/9/28 8.37 am
Samzu Bridge 4.31 2016/9/28 7.20 am
Bougong Bridge 5.72 2016/9/28 7.25 am
Bimi Bridge 6.04 2016/9/28 7.39 am
Kazilou 1.24 2016/9/27 7.42 am

The river discharges at the Yenfong Bridge, Wulilin Bridge and
Bougong Bridge also estimated by index velocity method and the
estimated discharge histories are shown in Figure 9, Figure 10 and
Figure 11. Comparions between estimated discharge and
measurement by ADCP at the Bougong Bridge present high
reliability of used index velocity method. Table 9 lists the maximum

estimated discharge at considered sites.

250 28
- 27
200 A 26
- 25
— 150 -
N -2 E
< s
@ 3%
~ 100
- 22
—Megi (2016/9) |
50 21
—water level
\~ - 20
0 = : : : 19
0 24 48 72 96

B [hr], & 2016/9/26

Figure 9 Estimated discharge history at the Yenfong Bridge during typhoon
Megi
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Figure 10 Estimated discharge history at the Wulilin Bridge during typhoon
Megi
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Figure 11 Estimated discharge history at the Bougong Bridge during typhoon
Megi
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Table 9 Summary of the maximum estimated discharge during typhoon Megi

Site Max discharge [m®s] | Occurrence date and time
Yenfong Bridge 201.45 2016/9/27 9.44 pm
Waulilin Bridge 324.29 2016/9/28 7 am
Bougong Bridge 62.70 2016/9/27 11.11 pm

Keywords: Experimental watershed; Hydrological monitoring; Free
surface velocity; Discharge estimation; The Yilan River; The
Dianbo River
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% 4-1

Lok b g okplEk g B R E A R (-)

EEA AR R s ZHEKEKIE

& EE RGN EUIpN Briis HoRAE :%E% S HEEE
BUHIRY S % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 95.90% 100.00%

2012/7
IERIER % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BRI IR % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2012/8
ERIER % 100.00% 100.00% 100.00% 99.70% 100.00% 100.00% 100.00% 100.00%
BRI IR % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2012/9
IERIER % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BRI % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2012/10
IEEER % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BRI % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2012/11
IEEER % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BRI % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2012/12
IEEER % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 99.90%
BUHIRR IR % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2013/1
ERIER % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 99.90%
BUHIRR IR % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2013/2
ERIER % 99.80% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
B TR % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 99.90%

2013/3
SEEER % 100.00% 100.00% 100.00% 99.90% 100.00% 100.00% 100.00% 100.00%
BHRYIR % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2013/4
EEER % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BUHIRY IR % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2013/5
EEER % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
EURIRR % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2013/6
SEEER % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
EURIRIR % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2013/7
IEEER % 100.00% 100.00% 100.00% 99.90% 100.00% 100.00% 100.00% 100.00%
BURIIR % 100.00% 99.30% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2013/8
IEEER % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BHRYTR % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2013/9
SEEER % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BUHRYTR % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2013/10
EEER % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

AN NI RN G RIE S 970 CHIER 3]
2. BH A EF (LB 5 BT R )
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F4-1 &k R FoRRIEEA B EE S R (D)

A EDRE R ZHEKEKIE

VO4E(FRE REG BLKE i =kN —HES ES G
BURIIR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2013/11
SHEEEZER % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BEURIRETR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2013/12
SEERR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BURIIR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2014/1
SHEEEZER % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BEURIRETR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 89.10% 100.00%

2014/2
SHEWEER % | 100.00% 100.00% 100.00% 99.90% 100.00% 100.00% 100.00% 100.00%
BEURIIR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2014/3
SEEER % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 98.60% 100.00%
BRI IR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2014/4
SHEWEER % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 97.90% 100.00%
BEURIIR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2014/5
SEERR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 97.80% 100.00%
BURIIR % | 100.00% 100.00% 100.00% 100.00% 100.00% 95.50% 100.00% 100.00%

2014/6
SHE R % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BRI IR % | 100.00% 100.00% 100.00% 100.00% 100.00% 95.50% 100.00% 100.00%

2014/6
SEEER % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BUHEYTR % | 100.00% 100.00% 100.00% 100.00% 100.00% 91.10% 100.00% 100.00%

2014/7
SHE R % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BUHIEYIR % | 100.00% 100.00% 100.00% 99.80% 100.00% 99.8% 100.00% 100.00%

2014/8
SHEWEERR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BRI % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2014/9
SHE R % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
BUHIEYIR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 99.98% 100.00%

2014/10
SHEWEER % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 99.97% 100.00%
BRI IR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2014/11
SEEER % | 100.00% 100.00% 100.00% 99.88% 100.00% 100.00% 100.00% 100.00%
BUHIEYTR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2014/12
SHEWEMER % | 100.00% 100.00% 100.00% 99.98% 100.00% 100.00% 100.00% 100.00%
BURIIR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2015/1
SEEER % | 100.00% 100.00% 100.00% 99.99% 100.00% 100.00% 100.00% 100.00%
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A MEDRE R ZHEKEKIE

Vu%EF R RGN TusE TR RGN BkiE —HERS i HEE

2015/2 BRI % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
SEEER % | 100.00% 100.00% 100.00% 99.99% 100.00% 100.00% 100.00% 100.00%

2015/3 BRI TR % | 100.00% 99.99% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
SRR % | 100.00% 99.99% 100.00% | 99.96% 99.47% 100.00% 99.99% 100.00%

2015/4 B % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
EEER % | 100.00% 100.00% 100.00% 99.96% 99.96% 100.00% 100.00% 100.00%

2015/5 BRI TR % | 100.00% 100.00% 100.00% 100.00% 100.00% 99.99% 100.00% 100.00%

S EER % | 100.00% 100.00% 100.00% | 99.99% 99.99% 99.99% 100.00% 99.92%

2015/6 BRI IR % | 100.00% 100.00% 99.99% 100.00% 100.00% 100.00% 100.00% 100.00%
S RIEBE % | 100.00% 100.00% 99.99% 99.87% 100.00% 100.00% 100.00% 100.00%

2015/7 BRI % | 100.00% 100.00% 99.99% 100.00% 100.00% 100.00% 100.00% 100.00%
SR % | 100.00% 100.00% 99.99% 99.92% 100.00% 100.00% 100.00% 100.00%

2015/8 DI % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
SRR % | 100.00% 68.71% 99.70% 99.72% 100.00% 100.00% 100.00% 100.00%

2015/9 BT % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
SHE R % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2015/10 | BUHIERIO® % | 99.42% 100.00% 100.00% 100.00% 99.97% 99.92% 100.00% 100.00%
SRR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

2015/11 | BUAIEKT® % | 100.00% 100.00% 99.34% 100.00% 100.00% 100.00% 100.00% 100.00%
SEEER % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 99.85% 100.00%

2015/12 | BRIV % | 100.00% 100.00% 99.98% 100.00% 100.00% 99.97% 100.00% 100.00%
SRR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 94.66% 100.00%

2016/1 B IR % | 100.00% 99.98% 99.99% 100.00% 100.00% 99.98% 100.00% 100.00%
SEEER % | 100.00% 100.00% 99.99% 99.98% 100.00% 100.00% 99.85% 100.00%

2016/2 BT % | 100.00% 100.00% 99.99% 100.00% 100.00% 100.00% 100.00% 100.00%
SHE R % | 100.00% 100.00% 99.84% 99.87% 100.00% 100.00% 100.00% 100.00%

2016/3 B IR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
R % | 100.00% 100.00% 99.75% 98.87% 100.00% 100.00% 100.00% 100.00%

2016/4 BT % | 100.00% 100.00% 99.99% 100.00% 100.00% 100.00% 100.00% 99.99%
SRR % | 100.00% 100.00% 99.99% 99.72% 99.98% 100.00% 100.00% 100.00%

2016/5 BRI TR % | 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
SR % | 100.00% 100.00% 100.00% | 99.95% 100.00% 100.00% 100.00% 100.00%

4-4 s LompleHF (R R LR (RPN LK)
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LoREh G okRls B S R ()

BRI HEZHEKEE K&
TUgE P GG PUEE TR R SRR =HRERE EE AR HEEE
2016/6 BRI % | 100.00% 100.00% 100.00% | 100.00% 100.00% 100.00% 100.00% 99.99%
SEEER % | 100.00% 100.00% 99.98% 100.00% 100.00% 100.00% 100.00% 100.00%
2016/7 BUHIEIN® % | 100% 100% 99.98% 100% 100% 100% 100% 100%
AR % | 100% 100% 100% 100% 100% 100% 100% 100%
2016/8 BUAIRCI® % | 100% 100% 99.97% 99.99% 100% 100% 99.98% 99.99%
AR % | 100% 100% 100% 99.97% 100% 100% 100% 100%
2016/9 BUNIEIH® % | 100% 100% 99.97% 99.98% 100% 100% 99.98% 100%
SR % | 99.92% 100% 99.71% 100% 100% 100% 99.99% 93.90%
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1 gokizeh2 dokplebp 2 2% (1)

BB HEREHK K
YUEE | ROIEL | SMERS L | SASEE L | EASBE2 | HERS2 | WAERS3 | hiREE | BRTEB | ASmEs | B | SR | AEdE
2012/7 BUHIRR IR % 52.30% 95.90% 95.90% 52.30% 95.90% 95.90% 95.90% 100.00% 96.00% 100.00% 95.80% 100.00% | 100.00%
e AR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
2012/8 BUHIRR IR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
AR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
2012/9 BUHIRR IR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
AR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
2012/10 BUHIRR IR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
A % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
2012/11 BUIRRIIE % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
R % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
2012/12 BUIRRIIE % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
T % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
2013/1 BUIRRIIE % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
A % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% 99.90% 100.00% | 100.00% | 100.00% | 100.00%
2013/2 BUIRRIIE % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
R % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
2013/3 BUIRRIIE % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
AR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
2013/4 BUHIER TR % 100.00% | 100.00% | 100.00% 99.90% 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
AR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% 99.70% 100.00% | 100.00% | 100.00% | 100.00%
2013/5 BUHIRR TR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
M E R % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% 99.80% 100.00% | 100.00% | 100.00% | 100.00%
2013/6 BUHIER TR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
MR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% 99.80% 100.00% | 100.00% | 100.00% | 100.00%
R R A RN G RER S0 IR 3
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41 Bkt 2 okl p BRE SR (D)

LA AT S Z KK

FlheH R FEpg 1 | HAEEE 1 | HEERR2 | FEEES2 | HAERR3 | EmEs AR AR | B VSRS AEILES

2013/7 BUARThE % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
B IR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% 99.90% 100.00% | 100.00% | 100.00% | 100.00%

2013/8 BUARThE % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
B RIEER % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%

2013/9 BUARThE % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
B RIEER % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%

2013/10 BUARThE % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
e AIEER % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%

2013/11 BIHIRIR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
e AIEER % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% 99.90% 100.00% | 100.00% | 100.00% | 100.00%

2013/12 BIHIRIZR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
B RIEER % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% 99.90% 100.00% | 100.00% | 100.00% | 100.00%

2014/1 BIHIRIZR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
e RIEER % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%

2014/2 BIHIRIR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
e AIEER % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%

2014/3 BIHIRIR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
o RIEER % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%

2014/4 BURIER IR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% 85.30% 100.00% | 100.00% | 100.00%
o RIEER % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%

2014/5 BURIER IR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% 99.70% 100.00% | 100.00% | 100.00% | 100.00%
o RIEER % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%

2014/6 BURIER IR % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
o RIEER % 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%
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BRI S E PR K Kl

FlheH R FEpg 1 | HAEEE 1 | HEERR2 | FEEES2 | HAERR3 | EmEs AR AR | B VSRS AEILES

EDHIERZH2 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

2ou/7 nhE #AE# | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
2014/8 BAEY T | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

nhE AE# | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
2014/9 BAEY D% | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

nnE 4% | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 100.00 | 100.00 100.00 | 100.00 | 100.00 100.00 | 100.00 100.00

2014/1 | BURIEY T | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

n | mnEEEEZ | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

2014/1 | BURIEY T | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

1 e A% | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

2014/1 | BURIEY T | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

" e A% | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

EHIER 2 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

2015 nhE AE% | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
2015/2 EAEYT% | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

nhE AE% | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
2015/3 EAEY T | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

rn e % | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

2015/4 BB | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

rn e m A% | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

2015/5 BB | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 | 99.99% | 99.99% | 100.00 100.00 100.00

rn e A% | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 | 99.99% | 99.99% | 100.00 100.00 | 99.99%

2015/6 BB | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 | 98.69% | 100.00

rn e Am A% | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 | 99.38% | 100.00

L BRI (R (Rl A )
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BRI S E PR K Kl

FlheH R FEpg 1 | HAEEE 1 | HEERR2 | FEEES2 | HAERR3 | EmEs AR AR | B VSRS AEILES

2015/7 EDHIERZH2 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 75.28% | 100.00

nnE 4% | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 100.00 | 100.00 100.00 | 100.00 | 100.00 100.00 | 99.53% | 100.00

EPHIERZH2 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

2015/8
nn e A% | 100.00 | 99.95% | 99.83% | 100.00 | 100.00 100.00 | 99.99% | 100.00 | 100.00 | 100.00 100.00 | 99.73% | 100.00

EPHIERZH2 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

2015/9
nnE 4% | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 100.00 | 100.00 100.00 | 100.00 | 100.00 100.00 | 100.00 100.00

2015/1 | BURIEY TR | 99.94% | 100.00 | 99.98% | 100.00 | 100.00 | 100.00 | 100.00 | 99.99% | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

n | mnEEEEZ | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

2015/1 | BURIEY T | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 99.98% | 100.00 | 100.00 | 100.00 | 100.00

1 e A% | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

2015/1 | BURIEY T | 100.00 | 100.00 | 100.00 | 100.00 | 99.98% | 100.00 | 100.00 | 100.00 | 99.78% | 100.00 | 100.00 | 100.00 | 100.00

" e A% | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

EPHIER 2R | 100.00 | 99.99% | 99.98% | 99.99% | 99.99% | 99.99% | 99.99% | 100.00 | 99.98% | 100.00 | 100.00 | 100.00 | 100.00

201601 ShE AR | 91.85% | 99.94% | 91.73% | 99.71% | 99.94% | 99.94% | 99.94% | 85.34% | 99.94% | 99.99% | 99.89% | 98.41% | 99.94%
2016/2 EAEYT% | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

ShE A | 19.22% | 100.00 | 23.13% | 96.81% | 100.00 | 100.00 | 100.00 | 22.66% | 100.00 | 100.00 | 99.78% | 90.70% | 100.00
2016/3 EAEY T | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

rn e A | 62.23% | 99.94% | 61.92% | 98.79% | 99.94% | 99.94% | 99.94% | 59.19% | 100.00 | 99.94% | 99.83% | 96.03% | 99.94%

2016/4 BB | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
rn e m A% | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

2016/5 BB | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

rn e A% | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

2016/6 BB | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

rn e A% | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

LRl (R R L B (kR LK)
4-9 2w LS (L (T RIL )
3K GLEFERKE LT v ARG E WRIAE




% 4-1 LRz 2 FRPIHR &S S % (4)

=RV 2 PR K&
YliEE I E EERL | EERL | EERR2 | EER2 | SRS | i RS REFERS | B FERE ANFEILER
2016/7 EUAEYTAE | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
S AEAEP | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
2016/8 | HUHIEEIIZ | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
S AEAEP | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
2016/9 EUAEYTA | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
S AEAEP | 100.00 | 100.00 | 100.00 | 100.00 | 99.99% | 100.00 | 100.00 | 100.00 | 99.35% | 100.00 | 99.80% | 100.00 | 100.00
L RRE s F (R R (R L )
2. HFEHEF  (LESE BT RLEK)
SAKGE FERLELRT 9 K5 E PR
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2.499 5.328 5.407 15.541 9.509 11.606 12.596 24777 2427 2.547 2.518 2.58 2.491 24 2.499 4.544 7.852 2.462 5.266 5.332 5.935
KE

2012/7 1.329 1.481 2.626 10.669 6.316 8.682 7.826 20.726 1.552 2.242 1.765 1.48 1.359 1.57 1.966 4.54 2.406 2.45 5.261 5.075 5.84
2012/8 2.484 5.328 4914 14.696 9.348 11.29 11.719 24.154 2.427 2.547 2.518 2.58 2.491 2.4 2.499 4.543 7.76 2.462 5.266 5.078 5.923
2012/9 0.855 1.289 3.069 11.865 5.759 9.107 10.115 22.801 1.46 2.251 1.771 1.435 0.887 1.574 1.969 4.544 7.763 2.454 5.262 5.079 5.844
2012/10 0.938 1.28 1.957 10.338 6.449 8.896 7.358 20.051 1.46 2.253 1.771 1.437 0.982 1.574 1.969 4.544 7.762 2.45 5.264 5.076 5.844
2012/11 0.793 0.918 3.044 10.623 5.653 8.846 7.6 20.456 1.459 2.253 1.77 1.435 0.822 1.572 1.969 4.543 7.757 2.443 5.266 5.079 5.84
2012/12 1.065 1.159 2.424 10.462 6.548 9.073 7.541 20.15 1.862 2.251 1.767 1.472 1.225 1.57 1.968 4.538 7.754 2.436 5.264 5.07 5.836
2013/1 0.935 1.017 1.882 10.344 5.814 8.896 7.368 19.992 1.721 2.25 1.765 1.482 1.209 1.569 1.966 4.537 7.748 2.433 5.262 5.066 5.831
2013/2 0.876 0.927 1.935 10.335 5.56 8.837 7.337 19.951 1.451 2.25 1.768 1.432 0.906 1.569 1.966 4.535 7.749 2.431 5.259 5.066 5.834
2013/3 0.641 0.88 2.266 10.344 5.383 8.834 7.352 20.106 1.448 2.251 1.767 1.432 0.661 1.569 1.965 4532 7.749 243 5.259 5.064 5.831
2013/4 0.858 0.945 4515 13.098 5.802 8.837 9.217 21.869 1.442 2.248 1.767 1.432 0.926 1.567 1.963 4.53 7.852 2.425 5.259 5.062 591
2013/5 0.861 1.079 3.595 12.398 6.412 9.001 9.294 21.026 1.673 2.246 1.774 1.429 1.05 1.567 1.961 4.527 7.746 2.425 5.256 5.059 5.83
2013/6 0.765 1.079 2.805 10.995 6.663 8.98 7.928 20.314 1.44 2.242 1.759 1.429 0.814 1.566 1.957 4.526 7.745 2.419 5.252 5.056 5.83
2013/7 1.728 3.628 3.902 12.593 8.53 10.68 9.288 21.457 1.933 2.253 1.801 1.827 1.612 1.57 1.963 4523 7.768 2.416 5.252 5.055 5.83
2013/8 1.648 2.153 5.345 15.541 7.372 9.695 12.596 24.777 1.941 2.236 1.754 1.734 1.52 1.563 1.948 4.52 7.813 2.423 5.252 5.05 5.904
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% Z o 5 m il x i Bl % = B ] % i h i A - 5 &
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AR

2.499 5.328 5.407 15.541 9.509 11.606 12.596 24777 2.427 2.547 2.518 2.58 2.491 2.4 2.499 4.544 7.852 2.462 5.266 5.332 5.935

K
2013/9 1.53 171 4.701 10.886 6.802 9.658 9.244 21.02 1.775 2.24 1.751 1.603 1.432 1.56 1.949 4.516 7.787 2.409 5.252 5.047 5.82
2013/10 1.134 1.639 1.802 10.341 7.112 9.692 7.402 19.837 1.766 2.228 1.745 1.412 1.218 1.558 1.941 4513 7.732 2.406 5.245 5.045 5.819
2013/11 1.099 1.494 1.814 10.372 7.05 9.15 7.38 19.809 1.735 2.226 1.749 1.432 1.242 1.555 1.943 4512 7.728 2.408 5.245 5.084 5.814
2013/12 0.982 1.655 2.235 10.465 6.982 9.419 7.665 19.954 1.564 2.222 1.748 1.406 1.115 1.552 1.94 4.506 7.725 2.4 5.244 5.039 5.81
2014/1 0.731 1.01 1.858 10.344 5.764 8.431 7.38 19.778 1.416 2.219 1.74 1.406 0.743 1.547 1.934 4.504 7.725 2.4 5.242 5.038 5.81
2014/2 0.839 0.949 1.889 10.36 5.99 8.314 7.43 19.942 1.716 2.219 1.739 1.403 0.982 1.546 1.932 4.504 7.725 2.4 5.242 5.039 5.81
2014/3 0.771 1.014 2.548 10.539 5.78 8.32 7.888 20.112 1.66 2.215 1.734 1.403 0.861 1.547 1.93 4.506 7.728 2.4 5.239 5.039 5.811
2014/4 0.845 0.88 2.251 10.412 5.956 8.373 7.894 19.88 1.459 2.214 1.734 1.403 0.889 1.546 1.927 4.506 7.725 2.402 5.238 5.039 5.81
2014/5 0.889 1.072 3.431 12.026 6.632 8.998 8.752 20.339 1.587 2.212 1.732 1.404 0.898 1.546 1.929 4.506 7.726 2.402 5.238 5.041 5.81
2014/6 0.895 1.19 3.561 11.428 6.514 9.46 8.73 20.565 1.646 2.211 1.728 1.404 0.986 1.546 1.927 4.506 7.725 2.402 5.236 5.041 5.814
201417 1.75 2.296 4.348 12.98 7.273 9.838 9.839 22.03 1.964 2.217 1.816 1.875 1.616 1.547 1.926 4.506 7.725 2.406 5.236 5.041 5.811
2014/8 1.093 1.255 5.407 14.971 6.539 9.196 12.555 24.176 1.67 2.209 1.725 1.407 1.147 1.544 1.923 4.504 7.729 2.426 5.244 5.039 5.935
2014/9 1.391 2921 2.712 10.716 8.14 9.89 8.04 20.496 2.091 2.24 1.734 1.551 1.358 1.544 1.941 4.504 7.722 2.409 5.235 5.039 5.808
2014/10 0.858 1.441 2.053 10.35 5.814 8.555 7.476 20.032 1.412 2.215 1.722 1.403 0.861 1.546 1.924 4.504 7.722 2.402 5.233 5.038 5.806
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2.499 5.328 5.407 15.541 9.509 11.606 12.596 24.777 2.427 2.547 2518 2.58 2.491 2.4 2.499 4.544 7.852 2.462 5.266 5.332 5.935
KA
2014/11 0.845 0.97 1.805 10.329 6.049 8.583 7.371 19.704 1411 2.215 1.722 1.398 0.879 1.541 1.923 4.502 7.722 2.4 5.235 5.036 5.803
2014/12 0.861 0.911 1.817 10.35 6.068 8.348 7.408 19.722 1.456 2.209 1.723 1.397 0.912 1.538 1.926 4.501 7.722 2.4 5.236 5.036 5.803
2015/1 0.65 0.93 191 10.338 5.582 8.326 7.374 19.704 1.408 2.222 172 1.397 0.783 1.538 1921 4.498 7.715 2.397 5.235 5.033 5.799
2015/2 0.777 0.939 2.514 10.53 5.721 8.351 7.841 19.914 1.408 2.22 1.719 1.395 0.786 1.538 1.921 4.499 7.717 2.4 5.235 5.035 5.802
2015/3 0.836 0.924 2.654 10.341 6.086 8.49 7.349 19.701 1.615 2.205 1.72 1.4 1.006 1.541 1.921 4.501 7.718 2.4 5.233 5.036 5.802
2015/4 0.675 0.992 2.17 10.381 5.888 8.36 7.349 19.682 1.409 2.205 1.722 1.401 0.673 1.541 1.92 4.504 7.72 2.402 5.233 5.038 5.803
2015/5 0.737 1.026 4.382 13.441 5.898 8.518 10.511 22.026 1.704 2.205 1.719 1.407 0.742 1.539 1.92 4.504 7.722 2.403 5.233 5.039 5.805
2015/6 0.771 0.911 1.898 10.536 5.947 8.428 7.482 19.821 1411 2.202 1.717 1.403 0.771 1.538 1.917 4.504 7.722 2.403 5.23 5.041 5.805
2015/7 0.892 1.277 3.106 10.57 6.495 9.358 8.517 20.651 1.412 2.205 1.715 1.403 0.884 1.538 1.917 4.504 7.723 2.405 5.232 5.121 5.805
2015/8 2.441 2.206 4.98 14.491 9.509 11.606 11.521 23.333 2.205 2.372 2.273 2.234 2.092 1.73 211 4.502 7.725 2.403 5.241 5.332 5.885
2015/9 2.499 4.253 3.979 11.976 8.282 10.423 8.817 21.299 2.129 2.271 2.149 2.092 1.94 1.595 2.028 4.502 7.718 2.402 5.235 4.601 5.803
2015/10 1.081 1.456 2.462 10.806 7.102 8.754 7.922 20.837 1.848 2.205 1.715 1.401 1.205 1.536 1.921 4.501 7.718 2.402 5.23 4.35 5.802
2015/11 1.062 1.237 1.774 10.357 6.731 8.645 7.857 20.106 1.818 2.203 1.715 1.417 1.225 1.535 1.918 4.502 7.717 2.4 5.233 3.766 5.8
2015/12 0.824 0.918 1.901 10.415 6.251 8.605 7.801 19.852 1.533 2.205 1.714 1.397 0.941 1.533 1.917 4.501 7.715 2.4 5.233 3.892 5.797

4-13




4 RN AL el b S o : , 7 .
% 4-2 LR imEh 2 R RGPl R BRPE BB K ()
] — = N N N
= 7 f = g i Ee gl 2 | & g % ] i i 2 3 & 2
F = K = K b3, i i i B i i i i b it Al & i H i
= 1 i P & & & L g i e o o o i o] B B i
AR
2.499 5.328 5.407 15.541 9.509 11.606 12.596 24.777 2.427 2.547 2.518 2.58 2.491 24 2.499 4.544 7.852 2.462 5.266 5.332 5.935
PN
2016/1 0.911 0.967 2.864 10.583 5.885 8.373 7.631 20.246 - 2.2 - 1.397 0.917 1.533 1917 - 7.712 2.397 5.235 4.263 5.796
2016/2 0.719 0.896 1.982 10.369 5.681 8.865 7.395 19.772 - - - - - - - - - - - - -
2016/3 1.075 1.094 2.108 10.481 5.867 8.614 7.488 19.896 - 2.236 - 1.395 0.754 1.535 1.918 - 7.711 2.399 5.232 3.922 5.796
2016/4 0.88 0.949 3.97 12.924 5.724 8.605 9.337 22.03 1.459 2.236 1.714 14 0.898 1.535 1.915 4.502 7.717 2.4 5.228 4.85 5.8
2016/5 1.072 1.128 2.499 10.679 6.223 8.589 7.572 20.016 1.414 2.237 1.715 1.401 1.061 1.536 1.917 4.502 7.718 2.402 5.228 4.265 5.803
2016/6 1.047 2.076 4.558 13.683 7.57 9.265 9.842 22.376 1.809 2.236 1712 1.401 1129 1.536 1.915 4.502 7.737 2.402 5.238 5.189 5.865
2016/7 0.966 1119 4.927 14.748 6.387 9.497 11.772 23.711 1.527 2.236 1.712 1.404 0.972 1.536 1.913 4.502 7.72 2.402 5.232 5.163 5.803
2016/8 1.003 1.351 3.165 - 6.895 9.057 9.681 21.37 1.412 2.237 1714 1.406 1 1.536 1.913 4.501 7.715 2.402 5.227 4.53 5.8
2016/9 2.205 3.411 6.039 - 8.075 9.934 12.555 26.17 2.066 2.248 1.923 2.053 1.875 1.549 1.966 4.501 8.329 2.409 5.307 5.319 5.865
Hi o
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% 5304 FiEg kA FH 2 AT

(-)

%% CN & |5 5 (km?)| B A | £ BKM) %% CN & & ft(km?)| M A | £ & (Km)| %% CN & & FKm?)| #E | £ & Km)
0 78.76 0.4533 1.79441 1.149 19 86.38 0.3854 0.99815 1.471 38 83.20 0.2669 1.41734 0.723
1 71.88 0.2261 1.25236 0.897 20 71.82 0.1619 0.54904 0.661 39 82.14 0.4083 2.30984 0.900
2 81.22 0.2780 1.26611 0.978 21 77.99 0.1360 1.24337 0.534 40 71.04 0.2834 0.63060 1.337
3 84.14 0.3242 1.08366 1.115 22 82.87 0.1562 1.69986 0.646 41 85.53 0.4073 3.12027 0.719
4 85.06 0.1957 0.99651 0.716 23 78.30 0.2650 1.97817 0.446 42 77.31 0.3634 1.42529 0.626
5 79.66 2.2946 1.32615 3.282 24 86.14 0.4764 2.13278 1.530 43 84.02 0.2006 1.45542 0.806
6 82.55 0.2977 1.62051 0.992 25 75.34 0.3922 1.86884 1.201 44 82.64 0.1754 1.30737 0.407
7 65.78 0.1629 1.62418 1.282 26 83.89 0.4206 1.50791 1.039 45 76.97 0.1892 2.25029 0.426
8 72.15 0.4755 13.48961 2.166 27 67.84 0.9565 1.30960 1.555 46 83.98 0.4973 2.88354 1.347
9 81.62 1.6406 2.27895 4.719 28 73.64 0.5944 1.08779 1.413 47 73.53 0.4981 1.76922 2.524
10 66.75 0.2897 4.02466 1.032 29 82.22 0.7881 1.54376 1.338 48 84.89 0.5302 1.69734 0.669
11 89.95 0.2900 3.06674 1.203 30 69.23 0.7288 2.01427 1.527 49 66.09 2.2705 26.17642 2.380
12 72.55 0.7206 2.31215 1.850 31 80.93 0.3235 2.08525 0.964 50 60.15 3.3438 36.47614 5.276
13 82.26 0.1229 2.62942 0.683 32 79.99 0.1961 1.28237 0.631 51 70.67 0.2493 12.76616 0.592
14 66.03 1.2971 17.93028 1.864 33 79.55 0.1456 2.33526 0.667 52 66.71 1.6199 28.02058 2.145
15 82.49 0.1739 2.72674 0.410 34 99.32 0.0874 2.53916 0.552 53 65.86 1.9088 31.75636 3.291
16 74.15 0.9167 2.15012 1.601 35 96.68 0.1371 3.42114 0.644 54 77.78 1.2338 28.42989 2.458
17 74.05 0.2616 3.30232 0.694 36 99.80 0.1491 3.84020 0.553 55 61.65 1.9735 34.98671 3.564
18 84.27 0.2826 5.10285 0.870 37 91.20 0.1032 5.73624 0.581 56 81.98 0.8305 2.27029 1.996
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2537 L FEE AL ®E < TS

#(=2)

%% CN & |5 5 (km?)| B A | £ BKM) %% CN & & ft(km?)| M A | £ & (Km)| %% CN & & FKm?)| #E | £ & Km)
57 88.98 0.3508 2.00882 0.533 77 88.45 0.1505 2.01416 0.405 97 76.51 1.1732 2.95197 3.029
58 70.84 0.1058 2.06994 0.620 78 92.77 0.1183 4.36404 0.432 98 76.94 1.4802 2.89587 2.686
59 81.59 0.3035 2.87899 0.860 79 81.05 0.3528 2.36170 1.361 99 72.98 0.1552 1.93525 0.445
60 82.67 0.6860 2.22882 1.317 80 83.13 0.1858 2.27709 0.631 100 70.74 0.0781 1.99056 0.385
61 70.95 0.1606 1.77995 0.335 81 73.19 0.0751 3.61567 0.377 101 73.39 0.1421 2.42788 0.850
62 82.34 1.8894 2.38543 3.852 82 80.38 2.1517 1.82419 2.559 102 82.07 0.1366 2.38004 0.691
63 83.60 0.2844 1.21399 1.975 83 78.79 0.2392 3.22665 0.180 103 87.09 0.1589 1.15490 0.754
64 77.34 0.4266 1.89359 2.600 84 80.31 0.5984 2.01837 2.534 104 84.24 0.2947 4.38092 0.709
65 80.07 0.4015 1.20415 2.735 85 88.44 0.2643 2.30357 0.754 105 82.74 0.2642 3.32979 0.789
66 77.12 1.2573 5.59748 2.349 86 88.04 0.7662 2.76138 1.567 106 77.34 0.4021 1.78867 1.013
67 63.91 1.7406 1.30878 2.445 87 79.81 0.6396 1.31321 1.215 107 73.75 0.2358 2.35369 0.553
68 84.19 0.3757 2.63567 1.110 88 76.41 0.6449 1.47689 1.070 108 70.90 0.2762 1.50487 0.910
69 79.11 0.9121 1.84663 1.753 89 78.44 0.2968 2.52628 0.910 108-1| 70.90 0.8033 1.09680 2.032
70 76.43 1.1405 2.02591 1.728 90 85.09 1.2977 1.39587 2.738 108-2| 70.90 0.3033 1.00987 1.233
71 82.08 0.7672 1.64386 1.752 91 75.10 0.9105 1.53768 1.875 108-3| 70.90 0.8013 1.03277 2.406
12 78.96 1.7892 1.24858 1.980 92 80.91 0.5927 1.46205 0.898 109 69.06 0.3097 4.48921 1.062
73 82.46 0.3085 1.46467 0.892 93 79.27 0.3103 3.09738 0.565 110 64.67 0.3041 3.86729 0.677
74 76.39 0.4508 1.70043 1.291 94 73.83 0.3313 2.84575 0.613 111 69.11 0.7681 3.05426 1.742
75 76.71 0.1491 1.72701 0.506 95 70.54 0.7132 1.99162 1.416 112 58.95 0.6430 2.45371 1.535
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£ 53T L FiEB kAT 2 FF4A(2)

% CN & & (km?)| A& | £ AKM) |%%E[CN & |6 #Kkm?)| A | £EKM)|%H5E| CN & |&#Km)| #E | £ A KM)
76 85.05 0.2390 1.83511 1.071 96 70.29 0.1507 5.97598 0.738 113 69.16 0.5875 1.19136 1.317
114 79.59 0.1796 418770 0.488 134 77.93 0.4244 9.66107 1.032 154 62.68 0.6934 35.78824 1.345
115 81.75 0.1598 4.66405 0.471 135 73.01 2.4464 10.64903 2,771 155 73.39 0.8048 29.04672 1.845
116 71.97 0.7423 1.04609 1.987 136 77.19 0.1905 457370 0.237 156 74.67 0.5267 2.12547 1.307
117 73.80 1.6725 1.32438 2.991 137 78.64 0.1778 3.63371 0.406 157 70.05 0.6411 37.41517 1.245
118 73.47 0.4889 4.51505 0.870 138 80.56 0.1734 6.55740 0.968 158 71.32 0.2917 18.91439 0.673
119 70.59 0.2478 6.02876 0.888 139 97.99 0.1467 3.01598 0.427 159 57.71 2.0139 38.91448 2.477
120 70.48 0.4106 5.97551 0.582 140 76.03 1.2609 5.28159 1.902 160 66.21 2.0594 33.28034 3.335
121 72.54 0.4471 4.08659 0.934 141 81.63 0.1501 6.91467 0.933 161 67.29 0.3262 29.83231 0.786
122 71.85 0.4145 450375 1.338 142 72.83 0.3327 4.00831 1.315 162 84.12 0.4636 4.19096 1.629
123 71.80 0.1740 6.30898 0.555 143 70.73 0.3675 9.97543 1.117 163 80.69 0.6480 2.36340 1.602
124 70.61 0.2513 4.08255 0.694 144 67.04 0.9862 16.40917 2.968 164 75.82 0.4165 2.57937 0.850
125 70.63 0.3308 9.81011 0.501 145 73.69 1.5121 18.81312 3.200 165 76.17 0.2481 3.64826 0.739
126 68.09 0.2254 14.52314 0.602 146 80.28 0.4713 4.43568 0.736 166 76.37 0.5285 8.06902 1.472
127 72.17 0.0959 12.08036 0.285 147 77.57 0.8158 3.95459 1.315 167 70.41 1.2134 11.47601 2.734
128 77.27 0.3712 4,10661 1.040 148 55.81 0.2865 6.49288 0.586 168 0.00 0.2107 0.00000 0.000
129 75.25 0.1103 11.86703 0.459 149 80.22 0.6481 2.71491 1.591 169 0.00 0.1690 0.00000 0.000
130 72.51 1.1950 23.85149 2.289 150 79.39 1.1462 3.53709 2.098 170 82.55 0.3652 2.01381 0.000
131 74.90 0.8923 13.11625 2.308 151 92.64 0.4201 2.35705 1.616 171 0.00 0.1198 0.00000 0.000
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% 537 L FiEB kA FE 2 FF 4 (n)

FH[CN & |5 F(km?)| B A | £ B (km) %% CN & & ft(km?)| M A | £ & (km)|#%%CN & | #(km?)|] 3 E | £ & (km)
502 79.66 0.4999 1.29336 1.831 132 74.14 0.3940 14.27749 1.026 152 78.48 0.2061 6.20735 0.835
503 80.07 0.0876 0.96549 0.109 172 0.00 0.0651 0.00000 0.000 133 75.22 0.1622 11.77093 0.716
504 80.07 0.1415 1.51990 0.141 153 60.44 0.3886 441238 0.952 501 79.66 0.3344 1.33906 0.930
505 83.60 0.3625 1.26001 0.781 506 79.66 0.2154 2.11410 0.864 507 79.66 0.3621 3.15387 1.040
508 79.66 0.2957 2.75761 1.226
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E i | — Repetition
Exclude stations
out of domain | Output results

Duplication

|
Outlier
|

Fig. 1 Flow chart of the QC system developed in this study. Light-gray- and black-filled rectangles indicate QO steps
using single and multiple station data, respectively, and hatched rectangles indicate internal processing.
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Table 1 Summary of QC tests implemented under the automated QC system developed in this study.

Test

Condition for flagging

Flag rate (unit %)

Erroneous values inherent
particular data sources

Greater values than
national/regional record

Contamination of different
weather elements

Repetition of non-zero
constant values
Repetition of zeros

Duplication of monthly or
sub-monthly record

Outlier

homogeneity

Spatiotemporal isolation

Errors in unit of
measurement

Ambiguity in recorded date

Daily value equals a value listed in a precomposed table

Daily value greater than corresponding country or world record listed in
a precomposed table

Most values in one month are not precipitation measurements
Constant daily values over 10 mm/d persist for more than four days

Frequency of zeros in the annual record is unusual compared with its
climatological value at the target station

The temporal correlation coefficient between the records of one month
and another month is larger than 0.3, and the number of days with equal
values is larger than 10

Daily anomaly value from the mean calculated from data within a 15-day
window centered on that calendar day of all available years is larger than
nine sample standard deviations. Repeated until no outlier is detected.

Cumulative deviations of the target station indicate a shift in the record
of target station around a certain day

All the differences between daily values at the target and neighboring
stations within 400 km are larger than the corresponding 99.99th
percentiles of those differences, and both of the differences of target day
from the previous and next days are larger than the corresponding
99.99th percentiles

The temporal correlation coefficient between monthly records at the
same station from different data sources is larger than 0.4, and the
number of days in which the ratio between two sets of data falls within a
given interval

Two monthly records with a one-day lag at the same station from
different data sources have a lag correlation coefficient larger than 0.3,
and the number of days with equal values is larger than 10

~2.5x107 on daily basis
~1.8x10™ on daily basis
~1.0x10™* on monthly basis
~8.4x107 on daily basis
~2.7x10"" on annual basis

~1.4x107 on monthly basis

~4.8x107 on daily basis

~5.0x107% on station basis

~1.1x1072 on daily basis

~5.6x107 on monthly basis

~1.9x107 on monthly basis

4.5 ~ NWS

IHFS(The Integrated Hydrologic Forecast System) 7 #1 & 2 NOAA T 2 B ff

% PR 7%(NWS > National Weather Service) -k ~ %

~ % (Office of Hydrologic

Development) s & 2. 5 ¢ #23% » A P FH BT R 7 F Eah 1 i
(GOOD)~ 5 R %E(QUESTIONABLE)\ £ ‘:”\»(BAD)’ UIF G AT PRI R B
@i o B RIS IR LA ¥ ;é_t TR FETE R AR R AL
ARG AT A %H AL ﬂﬂﬁaﬁn ERALEARLL  B7 0

“a

Eﬁff» L3 o

(p @ Ag g o

MR A E RS E 32 RANBL XA T RS
<~ % 2 = 2 (Details blts)24 [T N L

(=

(%é i
(&

8 ORI 46 (quality code) > THFS 3 & &
55 1878) & L“"—’”inﬂr—“r = 0

p*%
¢ L(FEE 0 g

B 32 N 7E

SEETE AR

.»

+ 7 (Summary bits)8 i+

S * B QC RIEEE g % >
U R R R nd & oo drk R K Bavy G st 0 &
AT HEL TR EGER H—”r-r"?/? w2 f';‘ Fkeod B

i+ ~ Value-Not-

Bad Indicator ~ 2 Value-Not-Questionable Indicator #-% #4 % 4 = = # % % (Good

Questionable ~ 2 Bad) -

¥ AN el

011011111171 1121 1121 1121 17111 1111 =1,879,048,191

DEFAULT_QC_VALUE
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0110 0000 0000 0000 0000 0000 0000 0000 = 1,610,612,736
GOOD_QUESTIONABLE_THRESHOLD

0100 0000 0000 0000 0000 0000 0000 0000 = 1,073,741,824
QUESTIONABLE_BAD_THRESHOLD

e
Quality Control and Alert/Alarm Limits

Limits

isite [Leeeten Linis = Filtter By: [ Location | | [ PhysElem

Notes:
1) Changes to non=ROC limits take effect when SHEF decoder restarted.
2) Individual check is not performed if the limit value is not defined.
3) If limits defined for location, default limits not considered
even if location limits are undefined.

Gross Reasonable Rate Of Alert Alarm
Location PE Dur Start End Min Min Max Change Limit ROC Limit ROC
ACDOZ HG 0 ﬂl/nl . . 121.6 3.0
ADCOZ HG /
ALRO2 HG
BLK02 HG
BLUOZ AT
BLUOZ HG
BLUOZ PC

Limits For Selected ltem

i : i ol | imits: i Max
Location: :ACDO2 Ph‘f'SICG| Element: v Quality Control Limits: ;
coo2_| Gross Range: 20.00

HH Reading Height - MSL

Duration: Instantaneous (0) ™ HI Stoge Trnd Indicator

H] Spilluay Gate Height

- - HK Lake Elev sbv Datum
Start MM/DD:  ©1/01 HL Loke Elevation Rate Of Change (ROC): o] Units /Hour

= HHM Tide Height
End MM/DD: 12/31 HO Flood Stage Height AlertfAlarm Limits: Alert Alarm

HP Pool Elevation .
HQ Distance to River Value: ! |

HR Reservoir Rule Elev

HS Spilluy Forebay Elev

Ok Apply I Cancel
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QC Operations in the IHFS

Office of Hydrologic Development
Build QB3 SHEF products
January 13, 2004 walnes with qualifier code

SHEFdecode

Tritialize QCeode to Good
Adjust QCeode wit gualifier code

Y

Perform Single Value Checks
gross mnge
reasonshle range

Hao
{Goad,

shef_post_baddate
token

Questionhls)
(Loc) Data Limits Physi ement Tables
apdale o mﬂ k tepost h update go code
crmon
1 Fydroview

Sortomated Checks Rejerted Data Interactre

rate-of-changs Viewsr Checks

THED

I
SHEF-ercoded
1o etetnal
Rejected Date
auto p cron
Tanual purgs - hdrondess

Bit Description+
+
(Summary bits)«
31: Sign bit, not used«
30: Value-Not-Bad Indicator
29: Value-Not-Questionable Indicators
28: Post Ingest Tests Performed Indicator+
24-27 Reserved for future use .«
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(Details bits)«

23 External QC Not-Bad Indicator+

22: Manual QC Good Indicator-

21: Gross Range Test Result-

20: External QC Not-Questionable Indicator+

19: Reasonableness Range Test Result-

18: Rate-of-change Test Result

17: QOutlier Test Result

16: Spatial Consistency Check«

15: Multi Sensor Checke

8-14 Reserved for future use .«

Q-7 . Available for local use, (Please contact OHD for coordination
purposes )«

H

Figure 2. Quality Code Bit Assignments«

DEFAULT QC VALUE:w
This value will be seen often .«
Bit pattern 0110 1111 1111 1111 1111 1111 1111 1111 =1,879,048,191 «

+

GOOD_QUESTIONABLE_THRESHOLD:«
A quality code value indicates GOOD ifit is greater than or equal to this value «
Bit pattern 0110 0000 0000 0000 0000 0000 0000 0000 =1,610,612,736.+

+

QUESTIONABLE_BAD_THRESHOLD:«
A quality code value indicates BAD ifit is less than this value; therefore a value s
QUESTIONABLE ifit is == QUESTIONABLE_BAD threshold and <
GOOD_QUESTIONABLE threshold «
Bit pattern 0100 0000 0000 0000 0000 0000 0000 0000 = 1,073,741 824+

IHFS Quality Code Operations Guide, NWS, 2008
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.92233,,,,,,0.66371,,,,,,0.63429, ,,, /00,
L91613,,,,,,0.62978,,,,,,0.61726, ,,, 10004
.92233,,,,,,0.64513,,,,,,0.61571, ,,,/,0rrs
.92852,,,,,,0.66216,,,,,,0.65287,,,, /00,
.92542,,,,,,0.69004,,,,,,0.72256, ,,, 1,0+,

2

2015/11/03
2015/11/03

v

=

X

X

2015/11/03
z 2015/11/03
2015/11/03

B 8-2 R i+

DAT # %
2015 # 9 *

:l-\;,ﬁ,
l-\;,ﬁ,

.92542,,,,,,0.
L92852,,, .., 0.
L92233,,,,,,0.
L91923,,,,,,0.
L91613,,,,,,0.
L92542,,,,,,0.
L91923,,,,,,0.
L91923,,,,,,0.5
.91923,,,,,,0.
.92233,,,,,,0.
L91303,,,,,,0.

7]%20154’1 11 7 2. 430

2R AT

05R_GGGXran x

65752, ,,4,,0.
64203, ,,,,.0.
59248, ;44,0
54138, ,,4,,0.
51660,,,,,,0.
56461, ,,,,,0.
57545, ;44,0
€770, rrers0.6
56925,,,,,,0.
55222, 44,0
50266, ,,,,,0.

ran ;h}, .DAT #
2L ran #% (5] 8-3) »

T3030, rvvrerre
6869%, rrrrrrrs
65132, rurrnvre
59713, rsvrnvre
5T390  rvvruvre
606492, rvrrvvre
64048, ryrrvrre
1880, rvvrvvre
61728, rsrrurrs
58009, ;s rrurrs

37
52744 v urrnnrs

S81303, ..., 0.502668,,,,,/ 0.50886, ,srrrvrs
.82233, .54812,,,,,, 0.59248, ., ,vrrrs
=5 35431 ...... 0.52083,,,,.,, 0.85132,,, 040000

1 DAT #

2R 2015 &
e - 8

(-&/”/B LA ) e
= 0.5mm -

O,y T2

Fl 8-3 2 48 F)

12015/09/01 16:55:50,0.5
22015/09/01 18:24:47,0.5
32015/09/01 19:03:01,0.5
42015/09/02 15:37:13,0.5
52015/09/02 15:38:41,0.5
62015/09/02 15:40:12,0.5
72015/09/02 15:41:12,0.5
52015/09/02 15:41:40,0.5
92015/09/02 15:41:58,0.5

10 2015/09/02 15:42:14,0.5

112015/09/02 12:42:30,0.5

122015/09/02 15:42:44,0.5

13 2015/09/02 15:42:56,0.5

14 2015/09/02 15:43:09,0.5

/]» 2015 #

48

92 2 RdsF

2L ran £
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82 &3 152 FHES

REFHEEST L ahP o ANsT a%#»&é@&%w&ﬁ%’

ST BT F @B B TREF 0 &

LB F L FRLEFTRE AR FHT #rﬁ?ﬂ £ TR 4
|

fs 2 # 551%?%@&9%4\24\2_‘ QC F* s e > M R 5
T QCXXX_XX xDATJ S N e :

> % 1-24 1 QC 4% 5

> % 345 Rl hEL

> S5/ RRFIURIAEE LI ks F kAR W
i kiR

> B 6 AR as()

> FT7-104: AP 23 REH 2 BETA
LR E L TR o FR AR (E0 [ pRA) § A s R
PR R ERES R B BT 8 XX (R e 2
LR)FPdET B2 2 LA o & Wk g BRI i

8.2.1 7 "ok mrh(L) & #F kBl k(W)
feriw i Ew}% ki (01L_SJIZW) & 51 > 4oB] 8-4 » & iF )waﬁﬁi i~k 2015
#1207 5 5g o DAT % 0 S &F & ,ffu%éﬂie?l NFA Y- FIE LG R A

-

)
|
S

PRLRIP TR R SRR (£ PRA ) o

S kR E S 061 H A e o

ZW Rk EERE S 06LE R S 2% .
PR T 0 & AR FA LB TR

>
>

>
>

YV V V V

#
&
SE

QCOLL SJIZW.DAT x

1 2015/12/01 00:00: 00 0.61, 0.61,
22015/12/01 00:01:00, 0.60, 0.60,
32015/12/01 00:02:00, 0.60, 0.60,
42015/12/01 00:03:00, 0.60, 0.60,
52015/12/01 00:04:00, 0.59, 0.59,
62015/12/01 00:05:00, 0.60, 0.60,
7 2015/12/01 00:06:00, 0.59, 0.59,
8 2015/12/01 00:07:00, 0.58, 0.58,
92015/12/01 00:08:00, 0.59, 0.59,
10 2015/12/01 00:09:00, 0.58, 0.58,

< [m r

Bl 8-4 w 57 R ik sk 2015 £ 12 15 5 o 2 TORL.DAT 4%

SO0 OO OO OO

49



8.2.2 -k =i & (i )= (F)
8.2.2.1

] 8-5

- & gt oG o 2t
142 BB A i iE 5k (A0F_SKCQ) 4 &) » Ak % 4
ZHERRE R TR AG

Yo BB IEE SERFRF(E/ D BERA )
SO Ao rmBEplEL 0 HixE o */f; °
FIW o RFRAGREERES 0 Hizk 2/
S iikedF > 0& TR TR EE AR

& 8-5 = iﬁn%i}%ii&h 2015 # 12 " g 58 16 2 T A4L.DAT #%

QCAOF_SKCQ.DAT x

1 2015/12/01 00:00:00, 0.00, 0.00,
22015/12/01 00:01:00, 0.00, 0.00,
32015/12/01 00:02:00, 0.00, 0.00,
42015/12/01 00:03:00, 0.00, 0.00,
52015/12/01 00:04:00, 0.00, 0.00,
62015/12/01 00:05:00, 0.00, 0.00,
72015/12/01 00:06:00, 0.00, 0.00,
82015/12/01 00:07:00, 0.00, 0.00,
92015/12/01 00:08:00, 0.00, 0.00,
10 2015/12/01 00:09:00, 0.00, 0.00,

S OO OO OO OOO

8.2.22. & X WpFL o k2t

b

cm\i-

il 8-

v

R A

i) 8

VA J.l)fﬁ - ( ?)""!3(13': ZSQl) = V' 7}%}7%‘ P\ 7{‘; 4
6 ¢ dijfin B (#)sk 2015 & 120 4 5 52 FALDAT » & i

EEFER(E[ D A ) o

|
S
R
&
& uﬂb

FoW R - A AG Bl E s 053 Himi oo

FIW v - A @ THEFCEREL 053 Him i o
15 o

ST S - AR R TRLE PR L 04 73
AR G R

LLI%ﬁg:?ﬁ:i%\'\iu»L‘ai BIE S 042 Him i e /f)e

FAF IS A A G EP TEEE SEREL 042, Himh o c
1% °

?’ﬁ;’fﬁgi“‘:i%*nm?’l“i”jﬁ s (82303 0 0 £ T 3%

6 ¢ Liffsin B (i )2k 2005 £ 120 U5 S F (5 2 TR DAT 4,
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8.2.2.3

QC13F ZSQLDAT x

/H 1? 24

1 2015/12/01 00:00:00, 0.53, 0.53, 0, 042, 042, 0,
22015/12/01 00:01:00, 0.53, 0.53, 0, 042, 042, 0,
32015/12/01 00:02:00, 0.53, 0.53, 0, 043, 043, 0,
42015/12/01 00:03:00, 0.54, 0.54, 0, 0.43, 043, 0,
52015/12/01 00:04:00, 0.54, 0.54, 0, 0.43, 043, 0,
62015/12/01 00:05:00, 0.54, 0.54, 0, 0.44, 0.44, 0,
72015/12/01 00:06:00, 0.54, 0.54, 0, 0.45, 0.45, 0,
82015/12/01 00:07:00, 0.54, 0.54, 0, 0.47, 047, 0,
92015/12/01 00:08:00, 0.53, 0.53, 0, 0.46, 0.46, 0,

0, 0.46, 046, 0

102015/12/01 00:09:00, 0.54, 0.54,

il .

* 5‘7‘75‘3@%?]7’&?1%5?: g doGoniE et
TR & %;,ﬁi

sL(LLIFYSDQ) % 6] » A% P Z4e8 T 1 $- £ 47

2 Rl E S 073 i i e [f) e

5

>
>

>
»

b

S X

;,h}E;

‘,\,h}E;
11

$

,\aH}E:
1

1%,
X
k1

iﬁ"‘){%\'\i‘/‘t1§)’l'”\'}lrr'? ]9{1;\-;;‘!'5'_,1 073 EL_}; ALY

Fo XA w @SS bR 823138 0 0 & T

K TR P

St d a2 mplEs 075 Eim i o ‘/f/
FoARAFTRRT TS EREREL 075 Hix L ok
1% °

f’;_—;%a*‘ SFEALEE R B (2 s 0 0 & A ¥
K i LS T

Aol 2 Afin £k 2016 # 12 " g 5F 152 TALDAT 4> & =

:ﬁjﬁlj;}%ﬂ’ﬁ SERPER(E[D [P pEAA) e

FEPIEL 571 E L o o

Zr-r'?fsvf};r'@i?iqm SBTL, HimL e o
:Bﬁvw'g?wxlw,_\‘,ﬂg,og\ﬁwpﬁ CETAR -

LG BRE L 073 i i 2 /g e

35;— At w B P RS EEREL 073 HixZ ox

-~ A AR THREE B L3 04 7%
A S TR RN S L8 A

i’f;:i%\»ﬁa,mﬁ?L BlE S 075 Himg o= /[fo
/‘;ﬁ—:i%m/rl‘é)l’«‘}lr‘{"?fbiéilg_p 075 =42 o ¢
I1#)
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)

) 87 F oL % i £ 5k 2015 £ 12 % g5 1 2 74 DAT 4

QCI1IF YSDQ.DAT x

~m

Q I R |
12015/12/01 00:00:00, 5.71, 5.71,

0, 0.73, 0.73, 0, 0.75, 0.75, 0,

22015/12/01 00:01:00, 5.70, 5.70, 0, 0.77, 0.77, 0, 0.78, 0.78, 0,
32015/12/01 00:02:00, 5.70, 5.70, 0, 0.81, 0.81, 0, 0.79, 0.79, 0,
42015/12/01 00:03:00, 5.70, 5.70, 0, 0.80, 0.80, 0, 0.80, 0.80, 0,
52015/12/01 00:04:00, 5.71, 5.71, 0, 0.80, 0.80, 0, 0.80, 0.80, O,
62015/12/01 00:05:00, 5.71, 5.71, 0, 0.77, 0.77, 0, 0.81, 0.81, 0,
72015/12/01 00:06:00, 5.70, 5.70, 0, 0.77, 0.77, 0, 0.82, 0.82, 0,
82015/12/01 00:07:00, 5.71, 5.71, 0, 0.76, 0.76, 0, 0.82, 0.82, 0,
92015/12/01 00:08:00, 5.71, 5.71, 0, 0.78, 0.78, 0, 0.83, 0.83, 0,
10 2015/12/01 00:09:00, 5.70, 5.70, 0, 0.79, 0.79, 0, 0.83, 0.83, 0,

< i

8224 - % “PB%@;@?]J\ [MASE N - F A IS SR & I -
(F4F)

823 @& £ #(R)
(#4F)
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B 8-11. F L 4 2015 & 11 7 2 J 4ot

QC11F YSDQDAT x

Y\

11F ¥YSDQ.DAT x

DAT #% ° (a)&

9 0%

,

m. Ll 1|D| I 2|D| Ll 3|D| I 4|D| I 5|D| T E'|D|
40105 2015/11/29 01:09:00,1,,5.60642,,,,,,0.63739,,,,,,0.66062,,,,,,
4010 2015/11/29 01:10:00,1,,5.61261,,,,,,0.63274,,,,,,0.66836,,,,,,
40107 2015/11/29 01:11:00,1,,5.60642,,,,,,0.64358,,,,,,0.67300,,,,,.
40108 2015/11/29 01:12:00,1,,5.61261,,,,,,0.64823,,,,,,0.68075,,,,,,
40102 2015/11/29 01:13:00,1,,5.60952,,,,,,0.64358,,,,,,0.68694,,,,,,
40110 2015/11/29 01:14:00,1,,5.60642,,,,,,0.64358,,,,,,0.68849,,,,,,
40111 2015/11/29 01:15:00,1,,5.60642,,,,,,0.64823,,,,,,0.69004,,,,,.
4011z 2015/11/29 01:16:00,1,,5.61261,,,,,,0.64513,,,,,,0.69314,,,,..
40112 2015/11/29 o01:17:00,1,,5.61571,,,,,,0.63894,,,,,,0.69623,,,,,,
40114 2015/11/29 01:18:00,1,,5.61261,,,,,,0.63119,,,,,,0.69623,,,,,,
40115 2015/11/29 01:19:00,1,,5.60642,,,,,,0.63274,,,,,,0.89623,,,,,,
4011¢ 2015/11/29 01:20:00,1,,5.61571,,,,,,0.63119,,,,,,0.69623,,,,,.
40117 2015/11/29 01:21:00,1,,5.61261,,,,,,0.63584,,,,,,0.69623,,,,,.
40112 2015/11/29 01:22:00,1,,5.61571,,,,,,0.63894,,,,,,0.69468,,,,,,
40115 2015/11/29 01:23:00,1,,5.60642,,,,,,0.63274%,,,,,,0.69778,,,,,.
401z0 2015/11/29 01:24:00,1,,5.61571,,,,,,0.63739,,,,,,0.689933,,,,,,
40121 2015/11/29 01:25:00,1,,5.60952 0.63584 0.69933
4012z 2005/11/29 oo,1,,5.61261,,,,,,0.63119,,,,,,0.70088,,
40123 2045/11/29 01:28:00,1,,5.60642,,,,,,0.63894,,,,,,0.67146,,,,,,
20122 200D DT T L eneE e eees
40125 2015/11/29 01:30:00,1,,5.60332,,,,,,0.64668,,,,,,0.66371,,,,,.
401z¢ 2015/11/29 01:31:00,1,,5.61261,,,,,,0.64358,,,,,,0.66216,,,,,,
40127 2015/11/29 01:32:00,1,,5.60642,,,,,,0.64668,,,,,,0.67300,,,,,,
401ze 2015/11/29 01:33:00,1,,5.61261,,,,,,0.66062,,,,,,0.68849,,,,,,
40123 2015/11/29 01:34:00,1,,5.60642,,,,,,0.65752,,,,,,0.69159,,,,,,
40120 2015/11/29 01:35:00,1,,5.60642,,,,,,0.65442,,,,,,0.69623,,,,,.
40121 2015/11/29 01:36:00,1,,5.61571,,,,,,0.65752,,,,,,0.69159,,,,,.
4013z 2015/11/29 01:37:00,1,,5.60642,,,,,,0.64823,,,,,,0.69004,,,,,,
40133 2015/11/29 01:38:00,1,,5.61261,,,,,,0.63429,,,,,,0.68384,,,,,,
40134 2015/11/29 01:39:00,1,,5.60642,,,,,,0.63274,,,,,,0.68694,,,,,, (a)

QC11F YSDQ.DAT x

LL.oin L..oan L 4D, 50, .. 60 i O, B0 an,
2015/11/29 5.81, 5.61, 0, 0.64, 0.64, 0, 0.67, 0.87, 0,
2015/11/29 5.62, 5.62, a, 0.63, 0.63, o, 0.67, 0.67, o,
2015/11/29 5.62, 5.62, 0, 0.64, 0.4, 0, 0.66, 0.66, 0,

40230 2015/11/29 5.61, 5.61, 0, 0.64, 0.64, 0, 0.66, 0.86, 0,

40351 2015/11/29 5.61, 5.61, 0, 0.63, 0.63, 0, 0.67, 0.67, o,

40352 2015/11/29 5.61, 5.61, 0, 0.64, 0.4, 0, 0.67, 0.67, 0,

40223 2015/11/29 5.61, 5.61, 0, 0.65, 0.65, 0, 0.68, 0.8, o,

40352 2015/11/29 5.61, 5.61, 0, 0.64, 0.64, 0, 0.69, 0.63, o0,

40335 2015/11/29 5.61, 5.61, 0, 0.64, 0.4, 0, 0.69, 0.63, 0,

40336 2015/11/29 5.61, 5.61, 0, 0.65, 0.65, 0, 0.69, o.83, 0,

40337 2015/11/29 5.61, 5.61, a, 0.65, 0.65, o, 0.69, 0.63, o,

4038 2015/11/29 5.62, 5.62, 0, 0.64, 0.4, 0, 0.70, 0.70, o,
2015/11/29 5.81, 5.61, 0, 0.63, 0.63, 0, 0.70, o.70, o,
2015/11/29 5.61, 5.61, a, 0.63, 0.63, o, 0.70, 0.70, o,
2015/11/29 5.62, 5.62, 0, 0.63, 0.3, 0, 0.70, 0.70, o,
2015/11/29 5.81, 5.61, 0, 0.64, 0.64, 0, 0.70, o.70, o,
2015/11/29 5.62, 5.62, a, 0.64, 0.64, o, 0.69, 0.63, o,
2015/11/29 5.61, 5.61, 0, 0.63, 0.3, 0, 0.70, 0.70, o,
2015/11/29 5.82, 5.62, 0, 0.64, 0.64, 0, 0.70, o.70, o,
2015/11/29 5.61, 5.61, a, 0.64, 0.64, o, 0.70, 0.70, o,

PreTT I - - 2 " 28 2
Io:ls/:l:L/zs 01:27:00, Nal, 5.61, -1, HaN, NaN, -1, Nal, NaN, -1, I

40410 2015/11/29 5.61, 5.61, 0, 0.64, 0.4, 0, 0.67, 0.67, 0,

40411 2015/11/29 5.60, 5.60, 0, 0.65, 0.65, 0, 0.66, 0.86, 0,

40412 2015/11/29 5.61, 5.61, a, 0.64, 0.64, o, 0.66, 0.66, o,

40413 2015/11/29 5.61, 5.61, 0, 0.65, 0.65, 0, 0.67, 0.87, o,

40414 2015/11/29 5.61, 5.61, a, 0.66, 0.66, o, 0.69, 0.63, o,

40415 2015/11/29 5.61, 5.61, 0, 0.66, 0.6, 0, 0.69, 0.63, 0,

4041€ 2015/11/29 5.61, 5.61, 0, 0.65, 0.65, 0, 0.70, o.70, o,

40417 2015/11/29 5.62, 5.62, a, 0.66, 0.66, o, 0.69, 0.63, o,

40418 2015/11/29 5.61, 5.61, 0, 0.65, 0.5, 0, 0.69, 0.63, 0,

40418 2015/11/29 5.61, 5.61, 0, 0.63, 0.63, 0, 0.68, 0.8, o,

40420 2015/11/29 5.61, 5.61, o, 0.63, 0.63, o, 0.69, 0.63, o, (b)
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