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The Amur river — runoff conditions

The Amur River is the main river of the Far East of Russia and one of the largest rivers in the world.
It is 2.8 thousand km long (from the confluence of the Shilka and Argun rivers)
and has a catchment area of 1.85 million km?2.
The average annual water discharge of the Amur River at Khabarovsk is 8.3 thousand m?/s
and at Komsomolsk-on-Amur, 9.6 thousand m?3/s

The Amur River is a
transboundary river. Its basin
is located in three states:

- Russia (995 thousand km?,
about 54% of the catchment
area);

- China (44% of the catchment
area)

- Mongolia (2% of the
catchment area).

The Amur River is the longest
transboundary river in Russia.

The Argun, Amur and Ussuri
rivers form the state border
between Russia and China,
which is more than 3.5
_thousand km long.




The Amur river — 2013 flood

In July-September 2013, a catastrophic flooding occurred in the Amur
River basin, affecting vast areas of Russian Far East and northern China.
It had become one of the largest natural disasters of recent decade in
terms of duration, extent and economic losses.

http://www.airpano.ru/files/Amur-River-Flooding-Russia/2-2
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Satellite monitoring of 2013 flood

Catastrophic flooding in the Amur River basin
(Satellite monitoring of floodplain inundation: August-October 2013)
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(from Meteor-M Ne1, Canopus-B, Landsat-8, TERRA, and AQUA satellites)

Observation data from
Roshydromet streamflow
gauging stations
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State Research
Center
“Planeta” and
its Far Eastern
branch provided
relevant and
timely
information on
the flooding
extent. High-
resolution
satellite images
(resolution up to
10-50 m)
allowed to
correctly
identify flood
inundation
areas.



2013 flood — main factors

COMPLEX ANALYSIS OF 2012-2013 HYDROMETEOROLOGICAL CONDITIONS IN THE AMUR
RIVER BASIN FIGURED OUT THE FOLLOWING PRINCIPAL FACTORS OF THE CATASTROPHIC
2013 FLOODING IN THE AMUR RIVER BASIN:

(a) hydrological conditions prior to the flooding;

(b) meteorological conditions of 2013;

(c) superposition of flood wave peaks of main river and its tributaries;

(d) changes in channel and floodplain capacity — among other reasons, because of construction

of bank protection structures and protection dams.
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Daily water level 2013 hydrographs vs. 1959 hydrographs



Impact of 2013 flood
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Forecasting system demand

. River basin approach (data, forecasting techniques).
. Hydrometeorological data (real-time mode).

. Meteorological forecasts (a number of models —
uncertainty accounting).

. Hydrological forecast (rivers stage, inflow into the Zea
reservoir).

. Comprehensive final products dissemination
component.

. Automatic mode - 24/7.



FFEWS “Amur”’- overview



FFEWS “Amur” — informational subsystem



FFEWS “Amur” — data base content

Access parameters

Ne Layout Type Size - Description
month day time, h tau, h
1 | SYNSASIA | stat. | 18 x1500 | 112 | 1-31 0-21, ; synoptic observations
every 3 h
2 | HYDRASIA | stat. | 40 x 1500 | 1-12 1-31 - - hydrological observations
0-78 met. forecast COSMO
3 | CMFSASIA | cir. | 14x2500 | 1-12 1-31 0,6,12,18 B
every 3 h
0-120 met. forecast NCEP
3 | NCFSASIA | cir. | 14x2500 | 1-12 1-31 0,6,12,18 s
every 3 h
0-72 met. forecast UKMO
4 | UKFSASIA | cir. | 14x2500 | 1-12 1-31 0,6,12,18 e
every 6 h
078 met. forecast JMA
5 | RJFSASIA | cir. | 14x2500 | 1-12 1-31 0,6,12,18 o
every 3 h
6 | RESRASIA | cir. | 30x300 112 1-31 - - reservoir observations
0-168 river stage forecast
7 | MAHYAMUR | cir. | 14 x 300 112 1-31 0,12 ’
every 24 h
0-72 inflow forecast (COSMO)
8 | MHCMRESP | cir. | 14 x 300 112 1-31 0,12 ’
every 6 h
9 | MHNCRESP | cir. | 14x300 | 1-12 | 1-31 0,12 0-72, TR GeeEesss (=)
every 6 h
10 | MHUKRESP | cir. | 14x300 | 112 | 1-31 0,12 0-72, Ty e (L),
every 6 h
11 | MHRJURESP | cir. | 14x300 | 112 | 1-31 0,12 072, T e (L

every 6 h




FFEWS “Amur”- reservoir inflow forecast
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n xpebTtoB TykypuHrpa-CoktaxaH

- HWXKHSAS YacTb KOTMOBUHbI —
BepxHe-3enckasa paBHuHa
(3ansTa 6onotamm)

Relative runoff zoning:

- low runoff (3-6 n/c km?2)

- moderate runoff (6-10 n/c km?2)
- increased runoff (10-18 n/c km?)
- intense runoff (> 18 n/c km?)

Numerous tributaries:

- p. T'union (545 km)

- p. Apru

- pp. Mynbmyra, YpkaH, YHaxa v gap.




FFEWS “Amur” — Zea rivers hydrologic regime

.. 1000
Precipitation:

- annual value: 900 — 1000 mm

i g22 835
- summer maximal: 800

June — august — up to 70% of annual value £99
658

Snow cover: 600 m B B N
- cpegHue MHoroneTHue 3HavyeHuns 70-90 mm

- Ha BbicoTax bonee 1500 m 300-500 mMm 120

- Ha4ano cHerotaaHnA — cepegunHa anpens
- KOHel, CHerotaaHn4d — KoHel, Mmasa

200 - - | || 171

Hydrologic regime features:
spring-flood (20-30 days)

350 18 112 222 36 g

intensive summer flood i
low flow during winter

runoff coefficient (> 0.6) Average hydrograph at Zea — Bomnak
(upper reach)

AHE. Gepp. Mapr Amp. Mai WioHe Wione Agr. CeHr. Ok, Hosbpe ek

Snow cover dynamics of the Zea
watershed (2004-2012)



FFEWS “Amur” — inflow forecasting
MATHEMATIC MODEL OF FLOW FORMATION ON THE WATERSHED (by BurakovD.A))

- water balance calculation on every elevation zone of the watershed,;
- sub models of snow melt, melt and rain water formation, basin and river network routing

Lead time: 3 — 5 days (limited by meteorological forecast lead time)
Calculation period: from 15t May to October

Daily river stages (discharges) from 15t May

UHOekc Ha3eaHue 2udponocma
06265 p.3es - yctbe p.Kynypu(mert.ct.Jlokwak)
06302 p.Apru(Apra) - B 0.3 KM HMXe yCTbsl

p.AMKaH

06319 p.YpkaH(JleBbin YpkaH) - ycTbe p.Mxak

06323 p-Mynbmyra - B 53KM OT yCTbsl

06329 p.YHaxa - c.YHaxa

06331 p.l'vnion - y nepeBo3sa

06334 p.-TbiHAA - r.TbiHAA

Daily temperature and precipitation from 15t May

UHOek | Ha3zeaHue
c mMemeocmaHyuu
31397 | ®eBpanbCK

dakT
(c1maano paty t

31257 | BeperoBo# BbIMycKka NnporHo3a)

Snow water equivalent on 30" of [31253 |Bommnax + MporHo3
April and Autumn soil moisture 30499 | TbiHAa (B T4, ey BHT0)
31300 | 3esn

conditions




The Zea reservoir’s basin schematization

p. Mynbmyra
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Accounting for runoff formation types — picking up
geographic-hydrologic regions and elevation
zoning
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Inflow calculation into the Zea reservoir

p. Mnton

Hydrometric method of inflow calculation:

5
0, ()= Z Q,()xK, Q.(t) -cpeaHecyTounbiit pacxos Boabl 6acceiiHa-peky aHanora
i

1

ai

YueT BpeMeHun goberaHnsi NpuToka Boabl ¢ 6acceHoB pek aHanoro

0,(t)=3.080,,()+4.110 .(t)+3.370Q,, () +2.250,,(t —1)+ 3430, (t) + 3.430,(t - 1) +0.540,, (1) + 0.540 , (t - 1)

PanoHbI n peKn-aHanorn ana pacyeTta npuToka

p. Uxax

Ne Kbacceiin- ananoz Ki

I p.I'umoii — y nepeBosa Qa1 1,093
Il p.Vuaxa — c. VHaxa Qa2 | 6,867
1 p-MymbMyra — 53 KM OT yCThsI Qa3 | 5,616
v p.Apru (Apra) — 0,3 kmoryctest | Qa4 | 3,077
Vv p-Ypxan (JIeBonif YpkaH) — ycTbe Qas | 4.116

F
K. =—— - xoahduLMNEHT CTOKOBOW NPUBOIKU




Hydrologic model main blocks

Calculation of melt waters and
areal snow cover

v

Calculation of melt and
rain water formation

'

Watershed routing

River routing

Bypakos [.A., Kapenosa E.[., Wangypos B.B. Matematnyeckoe mogenupoBaHue CToKa: TeopeTuyeckne OCHOBbI, COBPEMEHHOE
cocTtosiHue, nepcnektusbl // BecTtHuk Kpac. Y. — 2006. — Ne 4. — C. 3—-19.

Bypakos JI. A., Kosmoga E. II., Pomacsko B. 0. IIporHo3 aneMeHTOB JiegoBoro pexkumMa p. EHucell B oceHHe-3UMHUI NepuoJ] B HUKHHUX
6bedax BeicokoHanopHbIX I'DC. Merteopomorus u ruaposorus, Ne 5.2008, c. 93-102.

Bypaxos /1. A., Topaees U. H., Pomackko B. 0. Mcnonb3oBaHue criyTHUKOBOM MH(OPMALIUK JUIs OLIGHKH INHAMUKN CHETOBOTO MOKPBITUSl B
THIPOJIOT0-MaTEeMAaTHYECKOW MOJICIM CTOKAa BECEHHEro IMOJIOBOAbS Ha mpumepe Oacceiina Casiro-Illymenckoit I'DC // CoBpemeHHBIC
pOOIeMBI AUCTAHIIMOHHOTO 30HANPOBaHUs 3eMin u3 kocmoca. —2010. — Tom 7 Ne 2. ¢. 113—-121.



Forecasting technique features

Forecasting method lead time — up to 7 days (daily time step)

Input data:
Initial conditions: hydrology, synoptic

Boundary conditions: meteorological forecast (T, P)

Effectiveness evaluation of the forecast technique

T,cyt | S,Mc oA, S /oA
m3/c
1 245 461 0,53
2 480 814 0,59
3 605 1042 0,58
4 664 1180 0,56
5 687 1259 0,54
6 695 1205 0,53
7 696 1334 0,52

Hindcast of inflow to the Zea river reservoir (2013 flood)




Meteorological forecast for the Zea watershed

I

Operational inflow forecast in July — October 2014, lead time — 1 day
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Daily river stage forecasting

Main reach of the Amur river: The Zea river (lower the Dam):
- gauge to gauge correlation with variable - gauge to gauge correlation with variable
lead time; lead time;
HBH (¢ j‘BTe)pX;H;(éTB-gp"ll Hy(1) + a,H (1) Ht:f(rlHB,t—l +r2HB,t—2 +"'+rz'HB,t—z')
H, _ swoxauii cTBOD, r(z-) - pyHKUMA TpaHcdhopMauum (PyHKUNA BANSAHUS)
T - BpeMs Jo0eranus, a; — Ko3QQUIneHTsI,

OopeaACIACMbIC MECTOJOM HAUMCHBIIHNX KBAAPATOB

baarosemenck
XabapoBck H,cm

H,cm 600
500
400
300
200

100 ' g S
0 w

'100 T T T T T T T T T T T T
0 30 60 90 120 150 180 210 240 270 300 330 360

0 30 60 90 120 150 180 210 240 270 300 330 360 — Gakt. * MporHo3 (1.cyT) 4 MporHo3 (2 cyT)
x MPOrHo3 (3 cyT) x MporHo3 (4 cyT) - nporHo3 (5 cyT)

——dakTn4. 4 MporHo3 (2 cyT) x MpPOrHo3 (3 cyT) x MporHo3 (4 cyT)
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Daily river gauges forecasting
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p-Amyp - c.[bxanuHga
p-Amyp - c.YHepHaeBo
p-Amyp - c.Kymapa
p-AmMyp - r.bnaroBeLyeHck

p-Amyp -
c.KoHcTaHTMHOBKA
p-Amyp -
c.MHHOKeHTbEBKa
p-Amyp - c.lMawkoBo
p-Amyp - c.Harn6oso
p-AmMyp - c.JIeHUHCK
p-Amyp - r.XabapoBck
p-Amyp - c.Enabyra
p-Amyp - c.Tpoumukoe
p-AmMyp - c.Manmbix
p-Amyp - rrkKomcomonbck
p-3es - noc.lMonsikoBCKumn
p-3esa - c.Ma3zaHoBO
p-3ea - c.Manas Ca3saHka
p-3esa - c.benoropbe
p.Cenempgxa - c.Ctonba
p.Cenempaxa - Hopck

5001 6005

)

06001
06275
06345
06349
06363
06373

06387

5002

p-Amyp - c.lTokpoBKa

p.3esn - 3apeyHas Cnoboaa
p.YpkaH (MpaBbin YpkaH) - Apou
p-Oen - 3.PblykoBO

p.Cenempaxa - c.9KMM4aH
p.Cenempaxa — c.YcTb-Ynbma
p-Hopa - yctbe



FFEWS “Amur” — subsystem of dissemination and
visualization

r D

ArcGIS for Desktop 10.2.2
(ArcGIS Advanced for Desktop)

Hydrometcentre of Russia

& v

«Automatic hydrologic situation map production in
PNG format (basins of the Kuban, Amur, North

Caucasian shore of the Black sea)

~

/" ArcGIS for Server )
10.2.2
(ArcGIS for Server
Advanced)

Hydrometcentre of Russia,
Space meteorology centre

K “Planeta” /'

» web services of observed and forecasted
products (Hydrometcentre of Russia) and
satellite monitoring data (Space meteorology

Center “Planeta”) for the Amur river basin

*http://hydro.meteoinfo.ru/amur/

J
N




Dissemination subsystem layout

'MC-knacmep

GIS software and technical elements are operated in the Hydrometeorological Centre of

Russia with “mirror’-copy in the Space meteorology Centre “Planet” (as a reserve)




Dissemination subsystem — data

2 types of data:

« real-time data from operational observation network of Roshydromet
(hydrological measurements and forecasts at river gauges);

« constant information — features of river gauges, rivers, water river reservoirs
(gauge or river code, name, reference water stage, critical water marks, ...).

Operational data:

« table HydroElementValues FACT — daily river measurements on hydrologic network,
« table HydroElementValues PROGNOZ - operational river stage forecasts,

- table VdhrElementValues FACT — water river reservoir observations

« table VdhrElementValues_PROGNOZ — daily river reservoir inflow forecast.

Constant information:
» list of the river gauges on the Amur river and its tributaries with observations HYDRO_POST,
« list of the river gauges of the Amur river basin with forecast provision (GES).



Informational basis of the dissemination subsystem

Cartography:

-Multy-scale topographic maps of Russia (political-administrative units,
populated areas, industrial objects, hydrological features, transport network,
vegetation and etc.);

-Multy-scale maps ArcGIS on-line (ESRI and Open Street Map topographic
maps, satellite imaginary mosaics by Landsat/GeoEye/RapidEye, ESRI relief
maps);

-Multy-scale map by BingMaps (topography, sattelite imagenirey mosaics by
Landsat/GeoEye/RapidEye, topographic—sattelite data hybrid).

Real-time hydrometeorological data:
-River gauge observations;
-Synoptic stations observations;
-Hydrological forecasts;
-Meteorological forecasts;

-Satellite imaginary and its processes results (inundation areas, snow cover
areas, soil humidity and etc.)




FFEWS “Amur”- features of operations

- used software (Shell, Python, Fortran, JavaScript, GIS)
- operation system: Linux (SUSE Linux Enterprise Server 11 SP2)
- hardware: Intel Xeon, 32 processors, E7-4830 CPU 2.13 Ghz, O3Y 256

GB,11 TB

Working schedule of FFEWS “Amur” (UTC)

1-00 — observations gathering from the Amur river basin
1-36 — river stage forecast issue and dissemination

5-00 — meteorological forecast issue

5-36 — reservoir inflow forecast issue and dissemination




FFEWS “Amur” — features of operations
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Linux server of the Hydrometcentre of Russia Software realization

Intel Xeon

32 processors E7-4830 CPU
2.13 GHz

RAM 256 GB

Memory 11 TB

OS SLES 11

o e
N i o

Dissemination subsystem

Server WEB-GIS technologies
(ArcGIS Server,
Web-application JS )

Informational basis:
Database MS SQL Server

FFEWS “Amur” had been developed and implemented in operational mode in the
Hydrometeorological Research Centre of Russia since June 2014



Procedures of operations

Script -scenario “Amur” (Python 2.6)
Automatization scheme of short-range forecasts issue
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Informational
support

of the forecast
techniques

N
N

Database “Amur”

N~

Transit

files

.CSVv

Automated data
download
(software Fortran 90)

M

web-application (JavaScripf) — single access
point to all system’s products

ArcGIS for Server Advanced
allocates data as internet web-services

Basinrelation

Database

web-services
publications

\/_

DB SQL

(scripts Python 3.4.1,

Automated file processing and
automated database updating

Incorporating module pymssql —
Connection to SQL server,
Data import into database tasbles)




Web-services of FFEWS “Amur”

[ata HabntogeHun: 29 anpena 2015 roga




Web-services of hydrologic observations

[ata HabntogeHun: 29 anpena 2015 roga

=TeHJeHLUMNA YPOBHSA BOAbI (3@ CYTKM), CM
=pacxo Boabl, M3/c



Web-services of hydrological forecasts

[ata Bbinycka nporHo3sa: 29 anpens 2015
roga




Joined hydrograpph:observations and forecast

4 cyTOK

CnnowHas CUHAS NUHUS — CbaKTVI‘-IeCKI/Ie YPOBHW BOAbI,
cnnoLwHada 3ereHas JIMHNA — NporHo3npyemble YpoBHU BOAbI



Web-services Zea reservoir data
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Web-services of sattelite data

cnyTHMKoOBblE n3obpaxeHuns «Meteop-M» Ne1, «KaHonyc-B», Pecypc-I1, TERRA/AQUA , LANDSAT-S§;
KapTbl 30H 3aTOMNNEHUS;

KapTbl rpaHuULbl CHEXXHOMO NOKPOBAa €XeCyTOYHble, KOMMNO3UT 3a 5 aHen;

KapTbl XapakTEPUCTUK CHEXXHOIO NOKPOBA;

KapTbl BI1IaXHOCTU NOBEPXHOCTHOIO CJ104 MNMO4BbI, paCCYUTaAHHbIE NO AaHHbIM CMYTHUKOB METOP-A n

METOP-B (ASCAT) OTHOCUTENbHAA BNaXHOCTb MOYBLI



Web-services of satellite data



Text format output products

CBoaHas Tabnuua NMPOrHO30B No rmaposiorn4eCKumM nocrtam Amypa n 3eun

DAKTUUECKWE YPOBHW Bofbl B BacceiiHe p.AMmyp Ha 22 okTaAbGpa 2014 roga
W MpOrHOZ ypoEHel Bogel (B CM HAA Hyned rpaguvka nocTa) Ha 23 - 28 okTAGpA 2014 roga

F-———————————- e i e et +-———- +-———— - +-————= +-————- +-mm——————— - —— e +-—m—— - +-—m——————— +-—m——————— +
| WHAekc nocTta | Peka - MyHKT | Hyne rpaguka nmocta | HE | Modma | HA | oA | 23.10.14 | 24.10.14 | 25.10.14 | 26.10.14 | 27.10.14 | 28.10.14 |
Fom———————— - o e +-———— +mmm - +omm——— +omm +mmmmmmm +ommmm - tommmm +ommmmm Fommm +mmmmm +

06005 AMYp — C. [O®anuHaa 250.94 115 510 700 800 117

06010 AMYp - C. YepHAeBO 199, 53 7 600 700 &00 68 7

06016 AMyp — C. Kymapa 160.53 121 500 750 830 110 112

06022 AMYp — . BNaroBeweHCcK 119. 88 46 510 700 800 64 66 50 46 89 59

06024 AMYP — C. KOHCTAaHTHHOBKA 107.64 92 500 700 750 94 121 114 107

06027 AMYD — C. WMHHOKEHTLEBKA 87.52 151 640 830 930 147 144

06030 AMyp — C. MNawkKoBo 72.5 517 1300 1400 1600 515 517 511

05002 AMYp — C. Harwboeo 50. B8 318 800 880 1000 316

05004 AMYP — C. NeHWHCK 42.94 183 620 750 80O 17 174

05012 Amyp — r. Xabapoeck 30.69 -49 300 450 600 -40 -44 -51 -72 -48

05016 AMyp — c. Enmabyra 25.49 1 300 450 550 -2

05019 AMyp — C. TpoWuKoe 20.52 -44 250 380 450 -43

05020 AMYpP — C. MANMbIX 16. 89 -94 27 400 560 -94

05024 AMYpP — . KOMCOMONbCK 12.93 -83 300 450 600 -87 -89 -84 -101

06280 3eA - Moc. MNONAKOBCKWUA 182,62 362 850 1000 1300 364

06286 3ed - €. MazaHoBEo 152.98 45 450 550 620 38 45

06291 3eA - €. Manaa Ca3aHka 134.44 309 780 900 70 308 312

06295 3eA - €. bBenoropee 123,97 221 500 660 730 228 228

06364 Cenemaxa - C. CTonba 339. 66 -74 300 400 450 -65

06369 Cenemgxa - HOpCK 200.49 101 450 650 700 7
F-——————————— oo m e +-———- +-—m— - +-————= +-————- +o——— - +-—m - +-—m— - +-—m—— - +-—m——————— +o——— - +

Hynb MOCTa - BLICOTA OTMETKW HynA rpafuka nocTta B M B.C.
Hii - $aKTWYEeCKWA ypoEeHb EOfgH HA 8-00 MeCTHOrO BEpEeMeHW Mo COCTOAHMK Ha 22.10.2014

KpUTUYECKWe 3HAYEHWA YPOBHA BOAW, B CM Ha4 Hynewm rpaguka nocTta:
noiiMa - ypoBeHb, NpPW KOTOPOM MPOMCXOAUT BIXOJ EOZbl HA NOAMY

HA - oTMeTka HebnaronpWATHOrO ABNEHWA

0A - OTMETKa OMACHOrO ABMEHWA

[aTa BbNyCKa NporHo3a: 22 okTAbpA 2014 roga




Conclusions

1. TlocTynneHune rmgposriormyeckon nHgopmMaumm (0bbem, Bpemsi NOCTYNeHna)

2. 777
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