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Generic workflow to run a model in FEWS

Data import

Pre-processing (transformations)

Pre-adapter

Run model

Post-adapter

Post-processing

Visualisation
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General Adapter — Configuration | 7

DELFT-FEWS
“ general reserved keyword
{} description .
{} rootDir %REGION HOMEY%/Modulesiarmaiaddghm
{ workDir
 exportDir
O exportldMap ARMA_Export For
GimportDir | %ROOT_DIR%/datasml From
O importidMap &R global.properties
& dumpFileDir $GA_ DUMPFILEDIRE
& dumpDir
L {} diagnostic... g .xml
4 activities
T startUpActivities General Adapter
T exportActivities keywords
& Comment Execute activities
T executeActivities
|| T importActivities
Deltares Configuration Course 5 DElta res

General Adapter — Export Activities | '

Export Activities

state.

Time Series — scalar
Time Series — grids

(map stacks i
Time Series — profile S A
: module instance,
States '

ModuleDataSet
ModuleParameters

Exports a module parameter set,
Tigaets export of pararneter set far
active madule instance,

Deltares Configuration Course 6 - -




Export Activities — Scalar/longitudinal time Series

Exports time series from database to a PI-XML file
Assign File name to export data to

Assign Time Series Sets to export

Written to exportDir

LocationID’s & ParameterlD’s will be translated on export (as indicated in
IdMapping)

& Comment Export time series
exportTimeSeriesActivity
{} description Export discharge boundaries
£} expontFile export_pixml
timeSeriesSets
} > timeSeriesSet
> timeSeriesSet

Deltares

Deltares Configuration Course 7

Export activities - grid time series

Same principle as exporting scalar time series
Supported grid file formats

ASC: ArcView/ARC-INFO grid interchange file
« Time Series as map stack

PCR: PCRaster file format
« Time Series as map stack

BIL: USGS standard grid format
« Time series in one file

Deltares
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Export Activities — Module parameters W

DELFT-FEWS administers module parameters
Exports to external module as PI-XML file
Held in Config\ModuleParFiles

exportParameterActivity

£} description Maodule Parameters
{}fileName pi_pararmeters.xml
{} modulelnstanceld ISIS_Eden_Forecast

Deltares
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Export Activities — Module dataset '

DELFT-FEWS administers module dataset

« Dataset: native module file
« Held in Config\ModuleDataSets by DELFT-FEWS as a ZIP file
Exports to external module by extracting data in ZIP file

Exported to a “root"directory

€} description ISIS DAT File

:| exportDataSetActivity
{} modulelnstanceld IS15_Eden_Farecast

Deltares
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Exporting States '7

DELFT-FEWS can manage module states
What is a state?

« Module initial conditions
« Handled in “native’module format

Type of state;

« Cold State — default initial conditions
« Warm State — initial conditions from a previous run

For each module requiring management of states;
« ZIP file of cold state MUST be available in ColdStates dir.
Deltares
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Exporting States '

Defining “how” to export state
From the perspective
modulelnstanceld of the model!!
stateExportDir
stateConfigFile

StateLoca'“Ons & Comment | Export state [warm state)
exportStateActivity
° read {} modulelnstanceld ISIS_Eden_HD_Nistorical
() stateExpontDir %RO0T_DIR%/EXen_HD_States
° erte {} stateConfigFile %RO0T_DIR%/Edkn_HD_Statesdinput sml

stateLocations

= type i
stateLocation
} {}readLocation input.zzs
£} writeLocation output.zzs
T stateSelection
Deltares

Deltares Configuration Course 12




Exporting States 7

stateConfigFile
For export: Written by DELFT-FEWS ; read by adapter
For import:Written by adapter ; read by DELFT-FEWS

4 State
= xsizschemalo... http: s wldelft. nlfewes/Pl http: Afews widelft. nl/schemasfversion! O/pi-schemas/pi_state xsd
= version 1.2
T R— delft.nl dall
= xmins:ysi http: Aweew w3, 0rg/ 2001 MLS chema-instance
{} stateld Default
{} timeZone 0.0
dateTime
:I = date 2005-11-25
= time 22:00:00
stateLoc
= type file
{} readLocation D:\FewsTrain\FewsTrain\Wodules\SISEden HDWEden_HD_Statestinput.zzs
_ {} writeLocation  D:\FewsTrain\FewsTrain\Wodules\SISEden HDVEden HD_States\output zzs

Deltares Configuration Course 13 D e l ta re S

Exporting States

Defining “what” to state export; stateSelection

Cold State: Always use a cold state to initiate module run

stateSelection

coldState
£} groupld Default
startDate
:I = unit hour
= divider 48

Warm State: Use most suitable/recent state in search period

stateSelection
warmState

= unit hour
= start -45
= end i)

Deltares Configuration Course 14 D e l ta re S

:I stateSearchPeriod




| State Search period |

04:00 16:p0 02:00 04:00 07:00 16:00 19:00 02:00 04:00 07:00

e Start 02:00 Jan 05. TO 16:00 04 Jan

e Start 7:30 and TO 07:00 Jan 05
e Start 19:30 and T0 19:00 Jan 05

e Start 02:00 Jan 06. TO 16:00 05 Jan
e Start 07:30 and TO 07:00 Jan 06

Deltares
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General Adapter — Execute Activities

Running modules

Executables or Java classes

Arguments can be passed

Timout is set in case module “hangs”

If Diagnostic file indicates error — or non zero return code
« Executable considered to have failed

&~ Comment Run module post adapter to transform ASCI to XML
executeActivity
{} description
command
:l {} className nl widslit fews. adapter. cormon PostCormonddapter
arguments

argument ()
fibe Tt
1 %ROOT_DIR%

2 Config/ TFAdapterConfig. xml
OimeOut 5000

Deltares

Deltares Configuration Course 16




General Adapter —Import Activities '7

Import Time Series

« Scalar H
« Longitudinal

. H Imports 2 modul_E instance
- Grid e bl o o

uses states xml to determine
the lacation of the state,

Im port States (ImportactivitiesComplexType .' )

=
Trport langieudinal profiles.

Deltares
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eneral Adapter — Import Activities '

= Importing time series

= Same principle as exporting

= File name & Time Series Set to save data to

= |dMapping used to translate locationld’s and parameterld’s
= Grids imported as mapstack + XML file

- importActivities
« importTimeSeriesActivity ()
{} importFile {} timeSeriesSets
1 out_hindcast.xml |+ timeSeriesSets
- timeSeriesSet (3)
€} modulelnstanceSetld {}valueType {}parameterld

1 DOD0O scalar QLsimulated forecast
2 DoDo scalar Q.updated forecast
L | 3 DODO scalar Floodplain.storage

2 out_forecast.xml | < timeSeriesSets
- timeSeriesSet (3]
{3 modulelnstanceSetld {}valueType {}parameterld

1 DoD0 scalar Q. simulated. forecast
2 DoDO scalar Q.updated.forecast
_ _ _ 3 DoDo scalar Floodplain. storage ES
Deltares Configuration Course 18 - T s ===




General Adapter —Impo ctivities 7

= Importing states
=« Simple instruction where to find stateConfigFile

importActivities
impontStateActivity
:I {} stateConfigFile %R0O0T_DIR%/statesistatas. xml
T importTimeSeriesActivity

Deltares
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Burn-in profiles

= Avoid “abrupt” shock to model on startup
= Mainly relevant to HD modules (stability)

Only applied when starting from a cold state

« ldentify start value in cold state
« Gradual “climb”to actual value

burninProfile

length
= unit hour

= multiplier B
timeSeries (1)

{} parameterld {} locationld {} initialValue

1 Cusirnulated forecast TE2505 375

2 Q.simulated.forecast 763306 13.50

3 Qusimulated forecast TE4009 5.25

4 Q.simulated.forecast 785013 9.50

Deltares Configuration Course 20 De l ta re S
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Burn-in profiles 7

Burn-in at Temple Sowerby

—— QG rated Temple Sowsrby
—— Qurated Temple Sowerky

20— rored Temple Sowerby wdote = 06-11-2005 190000, Ve =27 fogs e eaiTam
Tz 0000 120000 00600

00:00:00 Go00:00

Deltares
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Startup/Shutdown activities

Clean up files from module

« Startup — before running module
« Shutdown — after completing module

startUpActivities
purgeActivity ()
O ilter
1 %ROOT_DIR%/ogs/~*
2 |%ROOT_DIR%/datasml~"
3 %ROOT_DIR%/data/natives~*

Deltares

Deltares Configuration Course 22
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Module diagnostics/debugging

PI-XML includes module diagnostics exchange

« To be written by module/adapter
« General Adapter Defines where diagnostics file is expected
« Not all logging passed — use native module log files

External module log inserted into FEWS log

« Most messages DEBUG level
« Error/Fatal: System messages

Detecting module failure
« Error in diagnostics log

= Nhon-zero return code

Deltares

Deltares Configuration Course 23

Using Module Configur
Templates

Deltares
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Purpose:

- Allows for multiple instances of the same process for various modules
using a single General Adapter configuration

- Reduces configuration effort
- Increases consistency

For example:

You want to run a Delft3D Flow simulation for two models
- Use modulelnstancelD: D3D_flow_1h_hc

- Use workflow: D3D_flow_modell & D3D_flow_model2

Deltares Configuration Course 25 D e l ta re S

Module General Adapter template '7

Templates are made unique using keywords defined in the workflow

| activities
= startUpActivities
 exportActivities

« exportStateActivity
{) moduleinstancek sMuDuLEJNsTANcE,@

A& i *RUoT

{} stateConfigFile  %ROOT_DR%/stateinput/export_states xml

| =i stateLocations fype=ile

i stateSelection

« exportTimeSeriesActivity

{} description Expglt timeseries info

{3 exportFile ti
time SeriesSets

seriesxml

timeSeriesSet
{} modulelnstg

7~ timeStep unit=hour muftiplier=1
=i relativeViewPeriod uni=hour stari=—1 stariOverrulable=true end=0
{3 readWriteMode  |read only

—Text between$__$ is a user-defined keyword

Deltares Configuration Course 26 D e l ta re S
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Workflow file

—Keywords are passed to the General Adapter from the Workflow as properties

- workflow
= xmins hitp:/fw ww. widelft.nlfews.
= xmins:xsi hitp://'www.w3.org/2001/XMLSchema-instance
= xsizschemal ocation http://w ww. widelft.nl'fews http:/fews. widelft nischemas/version 1 Diworkflow xsd
= version 34
Al activity (2

properties
properties

i

{3} runine (4] s {} moduleConfigFileName
age D30_flow_dcsms_hirlam73 hc D3D_1h_flow_hc

string (2
= key = value
1 MODEL dcsmS

[false D3D_flow_dcsmS._hirlam72_fc D30_1h_flow_fc

S e —Template configuration file!

2 METEQ\ hirlam72

—-$MODELS$ = dcsmb
—-$METEOS$ = hirlam72

-D3D_flow_$MODEL$_$METEO$ =
D3D_flow_dcsm5_hirlam72

Deltares

Deltares Configuration Course 27

Quick guide and wiki for model adapters |

https://publicwiki.deltares.nl/display/FEWSDOC/Quick-
start+Guide+for+Adding+an+External+Module+in+FEWS

https://publicwiki.deltares.nl/display/FEWSDOC/Model+adapters

, Deltares

Deltares Configuration Course
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General Adaptor - Exercise

Exercise 12: Add an external module

Deltares

Deltares Configuration Course 29

Extracting series from
Data '

Deltares

15



Use NWP series in the rainfall runoff model

=« NWP gridded forecasts available

Make an Import module
Extract NWP cells for Isle of Man

Merge NWP forecast with other data sources

AP wDd P

Use NWP forecast in external model

Deltares

Deltares Configuration Course 31

Gridded Data — Exercises

The exercise is split into three sections

1. Import NWP forecasts (Exercise 13)

2. Extract scalar series from gridded data (Exercise 14)

3. Using the extracted scalar series in the model (Exercise 15)

Deltares

Deltares Configuration Course 32
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Grid Import module

Before importing data, some questions must be answered:
»« Whatis the data format?

« Does FEWS support this data format?
= Whatis the coordinate system used in the grid?

« Check supported coordinate systems in FEWS.
»« Whatare the grid dimensions?

« Ask data supplier or use a data viewer that supports the format
»« What are the parameters and units used?

« Ask data supplier or check on the internet
»« What are the time intervals used in the file?

=« How long do | want to store the data in the database?
« Gridded data can be voluminous

Deltares
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FEWS Time Series Sets: .

timeSeriesSet

Properties of time series: <>m-mem ;:;mmm

* location Id — or — locationSetld O parameterld g forconst

*  parameter Id e e e
e timestep Tmes‘e" T "
» relativeViewPeriod = mutiplier 15

{} readWriteMode add originals
{} synchLevel 3

» valueType (scalar, grid, profile, ..)

» timeSeriesType (external historical, external forecast, ..)
* modulelnstanceld (import, PDM, KW, ISIS, ..)

* readWriteMode

* expiryTime (when to delete from database)
« synchLevel

+ simple transformations (delay, multiplier, divider, incrementer)
* ensembleld

Deltares

Deltares Configuration Course 34
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Gridded Data — Exercises

The exercise is split into three sections

1. Import NWP forecasts (Exercise 13)

2. Extract scalar series from gridded data (Exercise 14)

3. Using the extracted scalar series in the model (Exercise 15)

Deltares

Deltares Configuration Course 35

Extracting data from a Grid

The FEWS interpolation module can be used to extract series from a grid

For alocation
— extract the closest cell center (closestdistance)

For a catchment
— extract average of cells within a polygon (average)

— compute average of surrounding cells using bi-linear, kriging or inverse distance
functions (bilinear, kriging, ..)

= interpolationid ExtracthAP
spatialinterpolation

interpolationOption’

For a different grid ]mzﬂ oy -

— extract the closest cell center (closestdistance)

JoriaCella veragingUsing#MLData

0 Importiimrod
clar

Deltares

Deltares Configuration Course 36
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Display scalar time series in Spatial Displa

With the FEWS Spatial Display it is possible to display, grids and scalar time series
— Some functionality only works with grid series, other only with scalar series.

SEIE |

QLU0 Zmrnmn

Deltares
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Gridded Data — Exercises

The exercise is split into three sections

1. Import NWP forecasts (Exercise 13)

2. Extract scalar series from gridded data (Exercise 14)

3. Using the extracted scalar series in the model (Exercise 15)

Deltares

Deltares Configuration Course 38
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erge forecast with observed series

The Transformation module is used to merge series into one (datahierarchy)
— Merging observed precipitation with nwp forecast

— ———  Series 1 -
3
T
o
Series 2 g
®
Series 3
Result Series
3 1 2.3 1 2 1
— Time
— Whatis the output series type (external forecast, simulated forecast)?

Deltares
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Add series to External Model

The RunlinterpolationExercise Workflow contains 7 module instances

£} runindependent {3 modulelnstanceld

1 ltrue InterpolateExample

2 [true LevelTaFlow:

3 brue lotd_Catchmert 2veragePrecipitation
4 brue Iritergolstetdime o

5 true Merge_Precipitation

6 true Hydro_Train_Interpolate_Forecast
T true Hydro_Train_Forecast

* What can we do to use the P.merged series by the model?
— Update the Hydro_Train_Interpolate_Forecast: use the P.merged series

Deltares

Deltares Configuration Course 40
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Gridded Data — Exercises

The complete Exercise is split into three sections

1. Import NWP forecasts (Exercise 13)

2. Extract scalar series from gridded data (Exercise 14)

3. Using the extracted scalar series in the model (Exercise 15)

Deltares Configuration Course 41 D e l ta re S

Gridded Data — Exercise 13 - uestiohs

=« What forecast do you see?

= How can you see a forecast for 3-10-2007 00:00:00

Time of Forecast
4
Series at 08:00
Series at 06:00
. 08:00

. 04:00
| 00:00

Deltares Configuration Course 42 D e l ta re S
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Issues when using Gri

Deltares

Issues when using grid data (1)

* Isitalways required to configure the Grid XML file?

— No: In some cases these grid characteristics are included in the data files
(GRIB).

» Good example are ECMWEF Forecasts

 Bad example are MetOffice local surge models (characteristics only use 2
decimal places)

» For an irregular grid the Cell centres must be included in the Grid xml file
— No: it is also possible to use shape files with cell centres.

¢ Since December 2008
+ Example: WAQUA models used in The Netherlands

Deltares
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Issues when usin rid data (2

* Ina Client-Server environment all imported grids are only stored in the Central
Database
— No:By using synchlevels it is possible to configure the data to be synchronised
» Examples of synchlevels will follow later today

The number of supported geodatums is limited to the enumeration in the config
files

— Yes: but

* New geoDatums can be added by the FEWS Software developers

 Try to use the polarStereographic or rotatedPoles elements (only regular
grids)

+ Example KNMI Radar

Deltares Configuration Course

- Deltares

hen usin rid data (3

KNMI Radar

& regular

= locationld KNMILRADARTkm
{drows 765

{3 columns 700

polarStereographic
{} originLatitude a0
{} originLongitude 0

{)} trueScalingLatitude 50
{} equatorRadius 6378137

@ @@@ {} poleRadius

File Window Tools Help

6356752
firstCellCenter
Filg/URL  |DAFEWS AllerleCurs ustRAD_NL2 O x a
[B] RAD_NL25_RAC_24H_200901 Oy 9850500
{- Comment
¢ @ geographic

= projectie_shitt + 12 cellsize = 3850000 + 500
o
4 map_projection

+
"
{) xCellSize 1000
o € image1

| {)yycCensize 1000

N EX
Aftributes |
Number of atributes = 3 A Delet
Narne I Value [ Type [ Anay Size
projection_indication I |8tring, length = 2 ]
projection_name: |STEREOGRAPHIC [string, length = 14 il
projection_proj4_params | *projstere +lat_0=80 #I...|String, lengih = 77 I
st v |
+proj=stere +lat_0=00 +lon_0=0 +Iat_ts=60 +a=6378.14 +h=6356.75 +x_0=0y_0=0 foas | B an 2 i |
ey e 22,05 w acce astrtres 104657 71000, 05

Deltares Configuration Course
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Error correction:
Why, Where and how.

Deltares

Error correction

1. Why?
2. Let’s start simple

3. Two temperature sensors you want to use to measure temperature
difference in incoming and outcoming water of a solar heater system.

4. First you monitor both at the same location for some time....

5. You find a difererence of 0.5 oC

6. When using the sensors you add 0.5 gC to the lower sensor to avoid
wrong calculations

Deltares Configuration Course 48 D e l t a re S
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Data Assimilation/Error correction

Key elements of a forecasting system (Madsen et al, 2000)

= Real time data acquisition for observed meteorological and hydrological
conditions

» Hydrologic and hydraulic models for simulation
« Forecast of meteorological conditions
» Updating and data assimilation

Deltares Configuration Course 49 D e l ta re S

Improving the Forecast :

Input variables Observed variables
Process model Updating
State Variables | Parameters procedure
B ¢
A: Input correction
B: State Updating (data assimilation)
C: Parameter Updating
D: Postprocessing (including Error Correction)
Deltares Configuration Course 50 De l ta re S
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Precipitation

Rainfall-Runoff
model

Discharges at
boudnary

Hydraulic model
(SOBEK)

levels/discharges
in river

Post Processing

Deltares Configuration Course

Pre Processing

Error Correction

Data-assimilation in flood forecasting

- Observed Discharge at
o~ boundaries

State Updating

Observed discharge and
levels in river

A

51

Deltares

Data-assimilation in flood and storm surge forecastin

meteorological model B+ C

model & initialization error

Al

rainfall runoff model B+C

model & initialization error

IE

routing model B+C

model & initialization error

D

A 4

hydrodynamical model B +C

model & initialization error

Io
v

091201c

storm surge model B+C

model & initialization error

Deltares Configuration Colitse

52

Deltares
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A: Input Correction '7

An example of this is the rainfall-runoff model HBV-96 (SMHI) where you can
specify a time window (before starting a forecast) in which it is
tried(through optimization) to reduce the difference between measurement
and model by adjusting the input (temperature and/or rainfall).

Deltares Configuration Course 53 D e l ta re S

B: State Updating '

Adjust the model states based on the difference between model and
measurement.

This can be done
- manually (for instance by the NWS through MODS)
- automatically (for instance through Ensemble Kalman Filtering)

=> Example EnKF for the Meuse (at Chooz)

Deltares Configuration Course 54 D e l ta re S




Result of EnKF filtering at Bar

tc (Chooz) d
forecast starting at 18-01-2007 01:00.

14012007

o0:00:00

16012007

oo:00:00

18-01-2007 20-012007 22012007
00:00:00 o0:00:00 00:0000

1118-01-2007 01:00:00 Current Maas Undate 12118-01-2007 01:00:00 Maas Forecast HIRLAM

Deltares Configuration Course

55

QL Chooz MSW

—[1] @.uh.average Chaoz

~—[1] @.uhreference Chaoz

~—[2) @fh average Ghooz (HIRLAM)
— (2] Qufh.reference Chaoz (HIRLAM)

Deltares

Result of EnKF filt
forecast at 19-01-2007 01:00.

1a01-2007
oo:00:00

16.01.2007
oo:00:00

12:01.2007 20012007 22012007
oo:00:00 oo:00:00 oo:00:00

[118-01-2007 01:00:00 Current Maas Undate [2119-01-2007 01:00:00 Maas Forecast HIRLAM

Deltares Configuration Course

56

= .m Chooz MSW

—[1] Q.uh.average Chooz

~—[1] Q.uh.reference Chooz

— [2] Q.m.average Chooz (HIRLAN)
— [2] Q.fhreference Chooz (HIRLAM)

Deltares
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012007 01:13:42

—=-@.m Chaaz MSW
—(1]Q.uh.average Chaoz
~—[1]@.uhreference Chaoz

~—[2] .M average Chaoz (HIRLAM)
— (2] @.fh reference Chaoz (HIRLAM)

1118-01-2007 01:00:00 Current Maas_Update (2] 20-01-2007 01:00:00 Maas_Forecast_HIRLAM

Deltares Configuration Course 57

200
150
100
s0
R : :
14012007 18012007 18-01.2007 20.01.2007 22.01.2007 24.01.2007 28-01-2007
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00

Deltares

Result of EnKEF filtering at B
forecast 21-01-2007 01:00.

~=-1Q.m Chooz MSW
—I1] @.uh.average Chaoz

—[1] @.uh reference Chooz

~—[2] Qu.fh.average Chooz (HIRLAM)
—[2] @.M.reference Chooz (HIRLAM)

1118-01-2007 01:00:00 Current Maas_Update [2] 21-01-2007 01:00:00 Maas_Forecast_HIRLAM

Deltares Configuration Course 58

200
150
100
50
o
14-01-2007 18-01-2007 12-01-2007 20.01-2007 22.01-2007 24012007 26-01-z007
00:00:00 00:00:00 00:00:00 00:00:00 oe:00:00 0000 o:00:00

Deltares
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C: Parameter Updatin :

No example available
By the NWS MODS (manually)

Parameter uncertainty can affect the forecasts

Deltares

Deltares Configuration Course 59

D: Output Processing :

This can be done very simple but also complicated (determine uncertainty and all)

simple methods:
-Adjust Q (correction at start forecast)
-AR or ARMA type error correction

Complicated methods:

-Bayesian Model Averaging: Weighing different forecast into a single forecast based
on their past performance and derived an ‘uncertainty’ band

-Bayesian Processor of Output: Condition a deterministic or ensemble forecast on
past performance (remove of biases etc) to derive the predictive uncertainty

Deltares
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AR module Delft-FEWS -1

Autoregressive Moving Average Models used for forecasting of stationary
timeseries

AR: This part of the model describes how each observation is a function of
the previous p observations. For example, if p = 1, then each observation
is a function of only one previous observation. Thatis, Y()=c+
P,Y(t-1) +e(t)

where Y(t) represents the observed value at time t, Y(t—1) represents the
previous observed value at timet — 1, e(tzjrepresents some random error
and c and @, are both constants. Other observed values of the series can
be includegm the right-hand side of the equation if p > 1:

YO =c+ @ Y(t-1)+ @, Y(t=2) + - - - + @, Y(t-p) + e(t).

Deltares Configuration Course 61 De l ta re S

AR module Delft-FEWS - 2

MA: This part of the model describes how each observation is a function of
the previous g errors. For example, if g = 1, then each observation is a
function of only one previous error. That is,

Yt=c + 0,e(t-1) + e(t).

Here e(t) represents the random error at time t and e%—l) represents the
previous random error at time t — 1. Other errors can be included in the
right-hand side of the equation if g > 1.

Deltares Configuration Course 62 D e l ta re S
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Error Correction

Ambleve at Martinrive

. i . Tn] .

W Pim Ambleve
= [1]Pitx Ambleve

Runoff Cosfficisnt (%)

—I[2]RCuh Ambleve
—T{1]RC.th Ambleve

Snow Depth (mm)

W [2] 5 uh Amkisve
W [1]5 fh Ambleve

Dissharge (mass)

=G Martinrive MW
~ ~[2] @ Martinrive
[2) @ ush Martinrive
—[1] .tk Martinrive (DWD-GME)
1] @.fah Martinriive (OWD-GME)

14-10-2008 15-10-2002 18-10-2008 102008 22.10-2008 24102008 26-10-2008 29-10-2008
00:00:00 000000 00:00:00 000000 0 000000

20-10-2008
000000 000000 o

[1121-10-2008 21:00:00 Current Maas_Forecast_DWD-GME [2] 21-10-2008 01:00:00 Current Maas_Update

Deltares Configuration Course 63

Deltares

Hourly observations of the Mosel discharge

1501

3500 i ]
= = HBV96 model
3000 - measurement M
error
& 2500
=
c
= 2000
g
< 1500
3]
Re2)
O 1000
500
0
0 50 100
— Time scale in days
Deltares Configuration Course 64
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M%

Hourly observations of the Nahe discharge
1000 v T T :

—— measurement
' error

[
| ]

800 | 4 = = HBV-96 model
0

600

400

viscnarge in m-/s

0 50 100 150
— Time scale in days

Deltares
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Stationarity and Configuration of Error Modulerr

mean correction (the mean over the training period is or is not subtracted)
<subtractMean>false</subtractMean>

Box-Cox transformation: T(y)=(y *-1)/ A for A=0 T(y)=log(y)
can make the data more stationary

<boxcoxTransformation>false</boxcoxTransformation>

<lambda>0</lambda>

However be careful the transformation can also result in strange results because
small changes in transformed space can be large changes in the real space.

Another way (not implemented!!) would be to use AR-I-MA (AR Integra
s dVDENE the difference is taken between,time steps to make the data ﬂé"ﬁt?ffﬁﬁ
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RMSE discharge in m%s

Deltares Configuration Course

Error correction on the rainfall-runoff model of the Mosel discharge:

160

<
B
o

e
N
o

-
[=}
o

Mean discharge 526 m%s

[[— EC ARMAsal
11 EC AR(2)
= = only mu

30 40 50 60
lead time in hours

67

70

Deltares

— normalized model accuracy

Deltares Configuration Course

Estimated model accuracy as a function of the model order and type

AR, ARMA, MA? Which order?

145}
1.4}

135} :

g

MA(r)

= AR(r)
= = ARMA(r,r- 1)

150 200 250 300
— model order r
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Order and Configuration of Error Module '

The amount of orders and value of coefficients is automatically calculated by
the error module and consider up 1,2, ..,10 orders

<orderSelection>true</orderSelection>
<order_ar>10</order_ar>

It is possible to put the orderSelection to false and use for instance

2 or 3 orders and calculate the coefficients automatically by the error module
on the basis of the training period

It is also possible to put the orderSelection to false and specify your own
coefficients (when determined offline over a calibration period)

Deltares
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Results smaller catchment (over 150 days daily steps) ]

Error correction on the rainfall-runoff model of the Nahe discharge:
451 ' ' : ' ' ' '
40+
F? 35 "' L \“ )
E_ ank? s o
8
5 251
5 ¥
2 20t Mean discharge 76 m3/s
i E
151
E : —— EC ARMAsel
10b £ .+ EC AR(1)
s = = only mu
51
0 10 20 30 40 50 60 70
— lead time in hours
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AR, ARMA, MA? Which order?

Estimated model accuracy as a function of the model order and type:
1.3 = T T T T T T T

1.25

ik
n

Y
-k

AR(T)
= = ARMA(r,r-1) 1
o MA()

— normalized model accuracy
—
o

1.05

0 50 100 150 200 250 300 350 400
— model order r
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Autocorrelation

Autocorrelation function of difference between model and measurement
1 T T T T T

09}
08F

]
07}
06 \ .

\

05 .
04 |\ .
03 I Al .
0.2} R |
0.1 f o -

0 " " " " 1 ——— o
0 1 2 3 4 5 6 r 4 8
— lag time in days
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Results large catchment (ov eak 10 days daily steps

Error correction on the Mosel discharge at the time of the peak
350 F T T T T e b
300 + :.__.' ......... '-...,'h ..... i
g £ 2 Fg i "\ S = \\
e 250F 7 N g N 5N ]
£ -/ * B ” e P \\‘_
&!)’ 200 | “l_f" .o =z |
o E
_S & i
£ 150 Mean discharge 1910 m3/s 4
E o 2 — EC ARMAsel i
5 + EC AR(1)
50 7 = = only mu ]
0 7 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70
— lead time in hours
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ngth Training period '

TABLE |
INFLUENCE OF THE HisTORY LENGTH IN HoURS, USED FOR ESTIMATION
WiTH ARMAsel, oM THE RMSE Accuracy OF THE MoSEL DISCHARGE
ErrOR CORRECTION, WHICH I8 AVERAGED OVER THE FIRST 12 h
OF THE PREDICTION. PREDICTIONS HAVE BEEN MADE OVER
THE 150-Day PERIOD AND OVER A SHORT PERIOD OF
TeEN DAYS AROUND THE PEAK DISCHARGE

History length 150 day 10 days,

in hours period peak period
10 B35 2164
20 To4 203.5
50 62.8 129.5
1iH) 57.8 108.0
2000 5301 20.4
3 51.5 T71.9
400 504 67.1
5000 49.6 66,3
750 49.3 72.6
1000 50.8 85.8
2000 50.7 &85.6
3500 50.5 808

Deltares
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So why do we do error correction?

= To get the best forecast possible

=« The make sure the forecasters ‘trust’ the system
=« To make best use of the avaiable data

« To show the uncertainties in the system

Deltares
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Where and how?

« Depends on the hydrological and modelling system
=« Some good candidates:

« Outlet of catchment model (gauged) fed into a routing model
« Link between two routing models

« Reservoirs (up/downstream)

« Suggestions?

Deltares
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Where and how?

[kttt 07 o

Dischage (m3fs)

Hydro Gauge 2

Qated
- [1] Qsmulated forecast
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wwan iy e

(1102102007 10:00:00 urrent RuninterpolationExercse

e w200 e

[ |

femman

peste s o-02007 s0m0 @
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Deltares Configuration Course 79

nsemble Forecasting: What is it?

What is an ensemble forecast?

— An ensemble forecasting system samples the uncertainty inherent in
weather prediction to provide more information about possible future
weather conditions. Rather than producing a single forecast, multiple
forecasts are produced by making small alterations to either the
starting conditions or the forecast model, or both. (From: UK Met-
Office)

T ———————— s o —
ik 3t ] Blo]e e == == R

IRRRRNENTERRRRRNNE]

T

T

Deltares

___ FEWS Time Series Sets: Ensemble .~

Deltares Configuration Course 80

timeSeriesSet

. . . {} modulelnstanceld ImportrI
PI’OpertIeS Of t|me series.: {} valueType s:pa\ar
« location Id — or — locationSetld e ——
* parameter Id e T e e
e tim estep {) readWriteMode add originals

. . . {} synchLevel 1
« relativeViewPeriod B capiryTime cri-doy muriierT

{} ensembleld EPS

valueType (scalar, grid, profile, ..)

timeSeriesType (external historical, external forecast, ..)
modulelnstanceld (import, PDM, KW, ISIS, ..)
readWriteMode

expiryTime (when to delete from database)
synchLevel

simple transformations (delay, multiplier, divider, incrementer)
ensembleld

Deltares
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Ensemble in Delft FEWS

+ Delft FEWS can import ensemble data sets
ECMWF EPS

COSMO-LEPS

SNRWP-PEPS

UK-MetOffice MOGREPS

« Delft FEWS can run module instances in ensemble mode
— The database knows the number of members
— If an ensemble contains 50 members, the modules are run 50 times

* Only a limited number of functions/displays know about ensembles
— Statistics, time series display, ..

Deltares

Deltares Configuration Course 81

Ensembles and Workflows

* Onimporting, the Ensemble Id is configured

timeSeriesSet

{) modulenstanceld  Importkiml

{} valueType scalar

{} parameterld P.ens forecast

) locationld Catchavg

{) timeSeriesType external forecasting
i timeStep Lnii=hour mufiplier=6

{} readWriteMode add ariginls

£} synchLevel 1

=i expiryTime Lnit=clay mutiplisr=7

{} ensembleld EPE

* Forecast Workflow is using the same Ensemble ID

activity

Deltares

Deltares Configuration Course 82
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Ensembles and Module Instances

Deltares Configuration Course 83

When running ensembles in loop from a workflow, only configure non-
ensemble time series: <ensembleld>main</ensembleld>

al inputVariable ()
= variableld {} imeSeriesSet

1 P_Catchmert & imeSeriesSet

{} medulelnstanceld Import Telemetry

{} valueType scalar

{} parameterld P.catchment

{} 1ocationtd Catchévg

{} imeSeriesType external historical

¥ timeStep unit=minute multipier=15

> relativeViewPeriod unit=hour start=-96 snd=0 startCverrulable=true

{} readWriteMode  read only

L {} ensembleld main

2 P_hAP & timeSeriesSet

{} modulelnstanceld ImporthMI

£} valueType scalar

{} parameterld P ens forecast

{} locationld Catchivy

{} timeSeriesType  external forecasting

=i timeStep unit=minuie mullipisr=15

¥ relativeViewPeriod unit=hour start=-24 end=24 endCvermlable=truz

{} readWriteMode  read only

Deltares

Ensembles — Exercise 16

1.

2.

Deltares Configuration Course 84

Import ECMWF Ensemble forecasts
* Import KNMI ECMWF ensemble
« Store the data at location CatchAvg

* Add and update import module, ID mapping, import workflow, filters,
parameters, global.properties, descriptors

Add ensemble element to Forecast workflow and Module instances
« Update Merge_Precipitation module instance
* Update the Forecast Workflow LT

* Whatis strange with the simulated discharge?

=] =
—

o

wbelta res

42



Ensembles — Extra Exercise

Why are the colours of the rainfall Ensemble members all different and of the

simulated discharge all green? Can you give the rainfall members also one
colour?

Give the deterministic and control run different colours and a thicker line.

|

st

. Deltares

B

e s

Deltares Configuration Course

re on Ensembles (1)

The Transformation module allows creation of ensembles, create individual
members

When using ensembles where members have different lengths, use module
forecastLengthEstimator to determine length of each ensemble member

Presentation of ensembles in Spatial Display, require Ensemble Member ID

2 Member 01 & timeSeriesSet

{} modulelnstanceld ImportECKAF-EPS
{} valueType grict

{} timeSeriesType external forecasting

> timeStep unit=hour muttiplier=3

{} readWriteMode read complete forecast
{} ensembleld ECMAF

| {} ensembleMemberindex 1

Deltares Configuration Course 86 D e l ta re S
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re on Ensembles (2)

— Example: UK MetOffice MOGREPS

— Each member is stored in a separate ‘nimrod’ binary file
— For Importing 24 ensemble members, configure 24 import functions

{} general
1 general
{} importType
{} folder
{} failedFolder
{}idMapld

{} unitConversi

{} dataFeedid

2 | = general
3 | = aeneral

Deltares Configuration Course

nimrod
FIMPORT _MOGREPE_FOLDER$O0
FMPORT_FAILED_FOLDERS
leimporttOGREPS

nsld ImportUnitConyversions
MOGREPS

87

Not all FEWS import functions support ensembles

{} timeSeriesSet

& timeSeriesSet

{} modulelnstancekl
{} valueType

{} parameterld

{} locationld

{} timeSeriesType

{} readwriteMode
{} synchLevel

{} ensembleld

> timeSeriesSet
¥ timeSeriesSet

> timeStep unit=hour muttiplier=3

= expiryTime unit=clay multiplier=2

{} ensembleMemberindex 0

ImporthOGREPS
ojtic

P.nwp forecast
MOGREPS

external forecasting

add originals
7

MOGREPS

Deltares

re on Ensembles

Time Series Display

¥ Al i3] 2] 2]x]®

[0 EisleelEmlind|

Functions | < Select a statistical function > .

=18l

4

SR

(Eractl

see0es000000 e

sscevsssscense

) Dally Forecast at Lobith
{2 Forecast (HIRLAM)
() Forecast (DWD-LM) E=3
{2 Forecast (DWD-GME)
{2 Forecast (ECMWF-DET) a00
-7} Forecast (ECMWF-EPS)
{_) Forecast {COSMO-LEPS) 375
E1423 Rijn - Catchments {COSMO-LEPS)

(23 Ponr Mar's Enserble
120 Meteorelogical Forecast 175

{2 Hydrological Forecast [

Neckar at Rockenau

Rhine at Basel :0
Rhine at Maxay

Main at Rauerheim

Mahe at Grolsheim £
Lahn at Kalkofen
Mosel st Cocher E
Rhing ot Andernach
sieq at Menden
wupper at Opladen
Rufr ot Hattingen
Lippe at Schermbeck
Rhins at Lobith

Discharge (m3/c)

Rhine at Basel
Rhine at Maxau 150
Meckar at Rockenau
Main at Rausnheim =3
Mahe at Grolsheim
Lahn at Kalkafen 100
Mosel at Cocher
Rhine at Andernach £
Sieg at Menden
Wupper t Opladen 50
Ruy at Hattingen
Lippe at Schermbeck - E
Rhine at Lobith

—[11Q.fah, 28 Rockenau (COSMO-LEPS)
——[11Q.fah. 78 Rockenau (COSMO-LEPS)
—[1]Q.fah. 33 Rockenau (COSMO-LEPS)

— [11Q.Fah.66 Rockenau (COSMO-LEPS)

[2] G uah Rockenau
~=- (um Rockenau
—[1] Q.Fah.max Rockenau (COSMO-LERS)
~—[11Q.fah.min Rockenau (COSMO-LEPS)
— [1] @.fah. median Rockenau (COSMO-LEPS)

-2010 05:00:00, vakue = 240,621

3.02.2010 15.02.2010 17.02.2000
000000 00000 000000

13.02.2010 21022010 2022010 28022010

00000 000000 00000

23 Rhine Profies =
| _>|J [4] 15-02-2010 07:30:00 Current: Rijn_Forecast_COSMO-LEPS [2] 15-02-2010 01:00:00 cCurrent Rijn_Update

000000

urrent system bime: 15-02-2010 14:00 (GMT+1)

13:39:48 a7

114:39: 48 CET

Pisplay time: 15-02-2010 14:00 (GMT+1)

[operator Client

_@_
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re on Ensembles (4)

Itova XMLSpy - [Ensemble_Statistics 1.00 default]

SE I HG & %o o (8ol Y e [0 (EEL: S|
Ele Edt Project XM DTDjSchema Schemadesign XSL/XQuery Authertic DB Convert Wiew Growser ool Window Help _ & x|
R =]
Comment cited with XML Spy v2009 sp1 (hite: e sitova.com) by ICT (Stichting Defiares)
« transformationModule

= version 10
It thnares w3 0112001 AMLSChema-instance

xmins It oo wiclelft nlifees:

xsizschemal oca... ity v swidelft e it ifews widelft a

Cormment input varibles

Carmment output varisbles

Cormment transtarmations

variable

€ variabletd ers
= i

transformation (7)

<) statisticsEnsemble
1 Gmin statisticsEnsemble

inputVariable
j ) variableld EPS.
outputVariable

1 = imoseriesot

2 amax =1 statisticsEnsemble
3 Gmesian =1 statisticsEnseml
1 =i statisticsEnseml
5033 = statisticsEnseml
6 css = statisticsEnseml

| 7075 i statisticsEnseml

Schema

Brawser

jEi : _>ILI

Authentic

cs 1.00 default

@ start| | (= & @ &

Deltares Configuration Course

4MLSpy v2009 51 Registered to ICT (Stichting Deltares) ©1998-2009 Altova GmbH

| Bz rotsi o

-| B®2 Fowsni_... -| [E] Microsoit po... | B TextPad - (0. | B Fews wrater... | & smaclerbock... |[(D altovaxmi. |

4 ]
AP UM SCRI

<=8 14s

89

Deltares

D EEEE

Descriptive statistic

(Dnhrg/s) Statistics entire. .. | Statistics data ... | Statistics data ..,
Rndrrminch lean 2,113,147 2,113.147
H-RN-0947 in 1,438 03-02-20... 1,436 D3-02-20L | 02-12-2522690.
ax 2,984 05-02-20,,, 2,354 05-02-201.,,| 02-12-2922690. .,
m 49,484.972 40,484.972
tandard de vistion 553,206 555,206
ercentile (exce. . 2,927 2,927
-012-2010 18:00:00 ercentile (exce... 2,760 b,763
02-2010 19:00:00 ercentle (exce... 1,905 1,505
ercentile (exce. ., 1,562 158z
ercentile (exce... 1,474 1,474
[ Time series
Statistics entire. .. | Statistics data ... | Statistics data ..,
. ocation id FERN-0347 H-RN-0947 H-RN-0947
£ ocation name__fAndernach bindernach lAndernach
arameter id m m m
arameter name _Discharge (Q.m)... Discharge (Qum) ... Discharge (Q.m).
lodule instance _LevelToFiow evelToFiow evelToFlow
tart time 25-01-201020:,,, 29-01-2010 2 5-02-2010 L
nd time: 17-02-2010 12:... [15-02-2010 13:0.. [17-02-201012:

-02-2010 17:00;

2-2010 16:00.00

| Datagy
Statistics entire. .. | Statistics data ... | Statistics data ..,
of walues 49 02 H7
of completed 45 0 4s
of corrected
J12-02-2010 19:00:00 ofreliables  HO2 %
of doubtfuls 0 0
of unreliables O 3
of missings 47 n u7

Functions | < Select a statistical function » ¥

Andernach

3100
3000
2500
2800
2700
2600
2500
2410
2300
2200
2100
2000
13m0
13m0
170
1500
1500
L4t0
130
1200
Lm0

Dischargs (mafs)

1000
900

0
510
50
0
30
2
100

—=Qm

0z-02-2010 06-02-2010

10-02-2010 14022010

Urrent system e 15-02-2010 14:00 (GMT+1)

[13:54:20 GMT

F\sn\ay time: 15-02-2010 14:00 (GMT+1)

IODeratm Client.

acal Datum
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Functions [Central moving average

Andernach

Q.m
(m3/s)

datetime Andernach
H-RN-0847

LevelToFlow

1022010 Z3:00:00

Discharge (mafs)

—Qm
-am

0
1322.000) 3L01-z000 0z-0z-2010 04022010 6022010 05-02-2010 10-02-2010
0:00:00 00:00:00 0:00:00 0m0:00 0010000 0010000

12022000
00:00:00

Lurrent: system tme: 15-02-2010 14100 (GMT+1) 13:53:56 GMT 14153156 CET pispiay tme: 15-02-2010 14:00 (a1

operator clent
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14022010 15-02-2010
00:00:00 oni00:00

acal Datum

e
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32 Altova XMLSpy - [TimeSeri

(]

I —(5(x]
|6 G & % B | o o | ehge @ | Oy B c| Y | g s |[E 09 (68 L @ - [E
i e Et Pokct XML DID/schems Sthemadesgn XsLXQuery Auherntic DB Convert Wew Gowser Took window Heb i

EE
« timeSeriesDisplay.

I e el nerors

it herones 303 Orf2001 ML Schema: inctancs
10

0. it Fhrrwwe videlft niifews Fitp: iews. widelft nlischemas frersiont DimeSsriesDispiay xsd
- wPerind -y <l
 timeMarkersDisplayConfig
i parametersDisplayConfig

et

1 Descriptive statistics

1 mean true

2 Tinw serivs il
3 Data quaity.

finta
finfoLocationid

noreMissings |} value

Infovoademstance
[ntoparameters .
| o
o )] e | | [miiome | e |
o ersemble_Stasatics 1.0m defaul | G} TimeseriesbisplayConfig 1,93 default * | <)
XMLSpy w2009 sp1  Registered to ICT {Stichting Deltares) ©1938-2009 Altowa GmbH AP MUM SCRI
wstan| | @ © @ | 45 Total comm... <] B2 Feustit_oc | [E] crosot power.. | PR Fos wisterboh.. | 8 smoslenbosk .. |[ {3} Attova wetisp- | | [H| [« =5 14551 |

Deltares Configuration Course 92

Deltares

46



Ensembles — Exercise 17
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