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Supporting inland waterway transport on German
waterways by operational forecasting services —
water-levels, discharges, river ice

. Information about expectefdirway conditions and related
restric

4 Medium-range forecasts
= Shift from deterministic to probabilistic forecasts

= Communicate forecast uncertainty

» Reduce bias and dispersion errors of hydrological rawrahk

Monthly to seasonal forecasts

» Dominant influence of meteorology

Ratio MSE []
o o o

compared to initial hydrological conditions

= Limited meteorological forecast skill
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PICO Navigation

» Click buttons for more information

> Previous / Next page -
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2-Minute Overview

Medium-range
forecasts

net

Operational Monthly to o
forecast system seasonal forecasts
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Theease, safety and efficiency of inland waterway —
transport is sensitive to hydro-meteorological impacts.

» Theavailability of waterwaysis
influenced by hydro-meteorologice
effects, primarilyriver ice and
floods leading to suspension of

navigation.

The main vulnerability of IWT with
regard to hydrological impacts res
from the close correlation of the
operation efficiency and the availa
water-depthsLow flows increase
transportation costs significantly.
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River Ice forecasting - Overview

ily occurs in waterways with low
anals, impounded rivers)
air temperature over longer
avia, Eastern Europe). |

-
@ @ o
o o o

Number of days with suspension due to river ice
E
o

n
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River Ice forecasting — forecast approach —

Operational s
the natural

vice is offered for important canals cating
rways (e.g. Rhine and Danube). -
ach: exponential method (to calculatenhter temperature);

roach (Stefan approach, to calculatehthnge in river ice thickness)

= Equilibrium temperature T* (based on air temperatut

i, j] = Toli, j] * FaktorT"[i] + Of fsetT"[{] T, and site-specific constants to be calibrated)
1

0.01 = Ice thickness[i,j — 1]
2.2

Ali,j] =

T = Coefficient of relaxation A (based on existing ice
Aoli]
Twlijl =T" [ij1+ Gy lij -1 =T, jDxe”

+

TW [i:j] - TGrenz
0.9166 * Hp,q

Aequili,j] = —100 = ¢ = h[i] =

max [Ice thickness[i,j — 1] + Aequili,j]

Ice thickness[i,j] = 0
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River Ice forecasting — forecast product —
" Is subdivided into several sections,
patial variability in waterway |

char and meteorological forcing. i b e ez
* For each canal areport is generated, which 7~ "

sumr S ant information / data. .
_ Alr temperature

t to the local authority of the /7 ik

ping Administration (WSV). (measured, forecasted)

Input: DWD, ECMWEF
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clearance : ol : :
The main vulnerability of waterway transport witgard to hydrologica —“ -
impacts results fronflong-lasting) droughts leading to low stream flov =£ eld
and respectively low water-levelslong the free-flowing waterways. = A K
Low water-levels and the corresponding reduced rpths N . S
= limit the cargo-carrying capacity and W o il T
* increase thenergy consumptionand theiime of travel. |

These effects are reflected in the transport @stsell as in the demand of the forecast serv@c.%
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Required Lead-time of forecast product(s)

short-range medium-range monthly ~ seasona | .
(= 7 days) (= 14 days) (=1 month) (= 3 months) —

Transport / logistic companies (carrier)

Optimizaon o curentvse o2 x » The variety of decisions taken by thdifferent types of

Shifting cargo from shipping to another mean

of tarspraion incse of low fows ' " transport-related waterway users (skipper, logistic manager,

mt g oy ‘ transport operator, waterway manager, transmission grétator

Optimized deliverable of goods arriving via

. ® etc.) cover arange of lead-times from days up to several
ls;rzdunng of special transport (heavy / large 0 . mo nthS .

Opimzes g of renpors o 211 o x « = Short-term forecasts used to optimize the load of an upcgtnip
pcpton of et e ansrt cpacy x x as well as to schedule measurement projects are still \otal,

e additional lead-time supporting strategic decision re ar

X
of transportation in case of low flows

ilding up stocks (e.g. coal power plants,
. X

ods (interim storage facility) X

. Guarantee security of energy supply

Waterway management

nning / Timing of measurement projects %
ming / suspending of dredge operations X

uction of dredge operations
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Deterministic forecast workflow
Observation

Observation Observation Waterlevel
Meteorology Runoff — Q
l 5 S
. | — = L w
Meteorological | = o0 | AR- » SOBEK b» ARIMA (0,1,0) R E 3
| Forecast , Correction : Correction o ; ;I,
=
< > < »a 2
Flow forecast Water-level forecast

Direkt zu: Nf8 | BfS | E/T | ande | Eislagen |

hain of a hydrological ) [ —

teorological

nzuzeigende Ta
Pegel KAUB

Pegel uhr
HSW / GIW|
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Supporting inland waterway transport on German
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water-levels, discharges, river ice @NV/

2-Minute Overview

Navigation-related Medium-range
forecasting forecasts

net

Monthly to e
seasonal forecasts
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waterways by operational forecasting services — * -
water-levels, discharges, river ice ANV e
= The forecasting system is based on the Delft-FEWS fraomew
_A
= Theo | environment is set-up adiant-server system
based ral components (see below), which allovesrting
mMos cesses within various workflows (70 wonkfcat the moment).
o - .‘."O e = The development system(s) are run as letzaid alone
{f”‘“’as"‘“%e”‘s’ < | systems which mimic the operational configuration

| using a copy of the operational database or amd&te
2 e @ A @Fy  hindcastdatabase.
_r“t”“""""” -l pté’ =7 = While minor changes are solely tested on a steomeal

- ‘ system, substantial changes are
pe Sus; B . . =
= @ rentral datbe

Shadow-system N

(client-server) .. G ¥ v
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Interfaces

= The different interfaces of the forecasting system have lmeafigured in order to

Bundesanstalt fiir
Gewiisserkunde -

\Y,\Y/B

support the forecast team to easilyeck the lage amount of input data(~ 1900

Datel Werkzeuge Optionen Hife

) FEWS-DE

50 - August 2007 - (Stand alone)

meteo stations, 95 hydro stations, 6 meteo forecasts andebnak hydrological

vostd Senare | 7

Eingangedaten HQ
Vorhersage (DWD-LM)

8 Grid Display

DWD Database Format

Hydro forecasts (external)
Hydro updates (HBV)

Hydro updates (SBK)

Raster NOK and Werra/Fulda
1. Forecast (COSMO-LEPS)

|, Forecast (ECMWF-EPS)

|, Forecast (ECMWF-DET)

1. Forecast (DWD-LM)

| Forecast (DWD-ICON-EU)

|
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z
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fescssessscs

Meteo measurements interpolations
Detailed meteo measurements interpc

Systemmonitor Vorhersagemanager What-f Szenari

.
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18-04-2017 20:34:57 INFO -

118-04-2017 18:54:40 INFO - Retr

Comp: 8 seconds,

from svstem resources

17279/541473, removed time s eries 3789/63422, removed aroups 1575144132, removed ids 872354,
18-04-2017 20:34:51 INFO - Reading 524194 fime series row ids from database finished in 2 seconds

19-04-2017 20:34:48 INFO - Compact time series index files

19-04-2017 20:34:47 INFO - Time series index file size has increased with 25% since last compact (with a minimum of 211B)
19-04-2017 18:54:42 INFO - Login. Finished: Successfully logged in to Master Controller. FEWSDEOD. Session ID FEWSDEQD:000657290
19-04-2017 18:54:41 INFO - Login Started: Login to Master Controller

setids 0/0, removed

827129150, released memory 901 kBI34 HB.

Protolall (Logs)

T0:21-04-2017 06:

5:57:35 GMT. im:y:zs MESZ

FEWSDEDO. 12,654, 51,932
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Supporting inland waterway transport on German
waterways by operational forecasting services —
water-levels, discharges, river ice apVI

2-Minute Overview

Navigation-related
forecasting

Operational Monthly to o
forecast system seasonal forecasts
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Supporting inland waterway transport on German bfg e
waterways by operational forecasting services — * /
water-levels, discharges, river ice ANV e

= Quantification of the meteorological forecast umaiaty by forcing _

a hydrological model (HBV) with @2-member meteorological
ensemble forecas(composed of ECMWF-HRES, ECMWF-ENS,
COSMO-LEPS)
ulate water-levels, the output frii@ hydrological
as boundary condition for a 1D hygnachic model.

| » The raw hydrological ensemble forecadbimsed and underdispersed
. because hydrological model uncertainty is not aotedifor and bias /
dispersion errors propagate from the meteo ensersialigstical post-

www.ecmwf.int

processing is required.
o > AT @ ICON-EU >
@& ICON

— Hydrological
* model

ceemwr  HRES

2= COSMO-LEPS |20

@ [CON-EPS i@

—_~ Hydrodynamic

=

\ GEFS Reforecast F2
Lead-time (days) 0

, Monica lonita®, StephanH
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Supporting inland waterway transport on German bfg s
waterways by operational forecasting services —

water-levels, discharges, river ice ANV e
Probabilistic forecast workflow _

Aim of statistical post-processing (Gneiting et2007):
“Maximizing arpness of the predictive distributions subject to calibration”
Real T = Ensemble Model Output
Observation Observation StatisticsEEMOS is used to
e —— T —T l c calibrate the flow forecasts
Vool | umy | AR s |- seca |1 soe 4 MO0 Hevos . § " Ensemble Copula Coupling
| - | i 2 ECC-T is applied to
generate runoff trajectories
-« EH. - < 4 out of the probability
distribution while
. ' o] L T preserving the space-time
e et et pstmaton [ pee -+ et | ARMA 010 L i ~ dependancy of the raw
| —— EMOS — EMOS
P — ObserTvation Obsert'ation ensemble
o Busoit S » EMOS is used to estimate
O e the predictive uncertainty
of water level forecasts

< Runoff Forecast > < Waterlevel Forecast > ‘@ @ |




Supporting inland waterway transport on German bfg e
waterways by operational forecasting services — -

water-levels, discharges, river ice a¥\VaAY/ A,
Gauge Kaub / Middle Rhine _

» The comparison of the raw water-level ensemble thi¢h
post-processed results as well as selected ensemsbhbers
proves the necessity as well as the increase etést skill
and reliability of the use of EMOS.

Reliabil

Y KAUB - Rhine o Kaub - Rhine
04 O .
o6 2 —— Ensemble
08 8 — EMOS
1.2 1.0 0.9
S T
c 1
£ 1.0
o . 0.8 |
§ 0.8 b %
(@] 1
T | 1 o -
B 0.6 - i E '[r07
IS T | Qo
£ 04 T o1 19 HL 06
3 - : ! i .
2 024 = 1B - E B = !
T I = N == R = R 05-
5 o
Z I I T I T I I I I I T I
z = o z z z o :
g g g g g g g g g g g g 04 T T T T T T T T |
w w w wi i [} o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10
24h 48h 72h 96h 120h 240h Lead Time [d] Lead Ti @ ®
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Supporting inland waterway transport on German bfo e

waterways by operational forecasting services — —

.......

water-levels, discharges, river ice Q MV s

Content / design of forecast products (1) _

Probabilistische Vorhersage - Pegel Kaub E : 2-:5
7 % 0.75 4
_ :
_S_ 160 — K] .
- : » Forecast frequency:daily
;g: 120 4 é
w w L » Forecast variable:water-level (absolut values)
Y T— S o -7 = Temporal resolution:
i 0 — 120 hours:instantaneous values
W oo 121 — 240 hoursdaily mean values

= Probabilistic hydrograph

19.0407:00 20.0407:00 21.0407:00 22.0407:00 23.04 07:00 Tagesmittel Tagesmittel Tagesmittel Tagesmittel Tagesmittel

— . _ . . S S R + raw ensemble (as additional information)
‘ ‘ = Non-exceedance probabilities for 5 pre-define
Uberschreitungswahrscheinlichkeiten HSW_I und HSW_II [%] IOW ﬂOW Water-levels as table
19040700 20040700 21040700 220407:00 230407.00 °geemitel Tagesmitel Tagesmitel Tagesmittel Tagesmitel E> Exceed ance probabllltles for relevant ﬂood I
Swmem o | o | oo | oo | oo | o | oo [ |l 2| ¢ (highest shippable water level

HSW I and Il) as table

(OMOM
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Supporting inland waterway transport on German
waterways by operational forecasting services —
water-levels, discharges, river ice

Content / design of forecast products (Il)

.......

@*IW,/ ~HITS

In the current operational test phase of the probalmlmgdium-range product

two different diagrams are published:

=
» Type 1: the color scheme stresses the non-exceedencabgitytof the water-level

= Type 2: the color scheme follows the most common way (im@ay) of displaying predictive uncertainties
the color scheme is symmetric with respect to the mediaghbcolors indicate lower exceedance |,
non-exceedance probabilities

- 0.95
Type 1 Probabilistische Vorhersage - Pegel Kaub o9 Type 2 Probabilistische Vorhersage - Pegel Kaub
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Supporting inland waterway transport on German
waterways by operational forecasting services —
water-levels, discharges, river ice S PV Kl

2-Minute Overview

Navigation-related Medium-range
forecasting forecasts

net

Operational
forecast system
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Supporting inland waterway transport on German bfg e

waterways by operational forecasting services — * /

water-levels, discharges, river ice TPV >
Sources of seasonal predictability _
= Typical E
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Supporting inland waterway transport on German
waterways by operational forecasting services —
water-levels, discharges, river ice

Forecast evaluation

based and statistical approach...
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Supporting inland waterway transport on German bfg e

waterways by operational forecasting services — * ‘/
water-levels, discharges, river ice Q MV s

Forecast products

Monthly easanal forecast services and prodiiffes from
short- to ange forecasts in terms of:

= foreca ncy (weekly up to monthly updatesead of daily or sub-daily frequency)

" tempo tion (weekly to monthly means indtebe.g. hourly or instantaneous values),

= pred gation of predicted value ranges-and-whisker plots up to categorical forecasts

inst us variable flow or water level)
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Example of anonthly forecast uncertainty is Example of aseasonal forecastcategorical forecast, th

illustrated as modified box-and-whisker plots (Blueflow regime is separated into 3 categories (lowymraif
together with the observed climatology (red). ~ high) and their probability displayed I@ ®» \
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