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FloodNet Project

= A multi-disciplinary research
network

= For:

= Enhanced flood forecasts for all
across Canada

= By:
= Academic experts
= Government scientists

= QOperational flood forecasters (end-
users)




Examples of FloodNet Research Projects

*"Theme 1
" Flood regimes in Canada: Learning from the past and preparing for the future

“ Theme 2
= Quantifying and reducing the predictive uncertainty of floods

* Theme 3

= Development of Canadian Adaptive Flood Forecasting and Early Warning
System (CAFFEWS)

* Theme 4

= Risk analysis of physical, socio-economic, and environmental impacts of
floods



Examples of FloodNet Research Projects

*Theme 1
" Flood regimes in Canada: Learning from the past and preparing for the future

* Theme 2
= Quantifying and reducing the predictive uncertainty of floods

" Theme 3

= Development of Canadian Adaptive Flood Forecasting and Early Warning
System (CAFFEWS) = Use Delft-FEWS platform

* Theme 4

= Risk analysis of physical, socio-economic, and environmental impacts of
floods



FEWS Configurations in Toronto Area




Purpose

= Not for practical operations, but for research purposes
= Hindcast rather than a real-time forecast

= Multi-model configuration

= Capable of integrating external research components from our research
group

= Such as data assimilation and Bayesian forecasting system

= Still under development




Forecast Archive

CaSPAr (http://caspar-data.ca/)
= Available products: LINK
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http://caspar-data.ca/
https://github.com/kckornelsen/CaSPAr_Public/wiki/Products
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Hydrologic Models and Adapters

Raven CHPS
= Model developed by U of Waterloo = NWS CHPS adapter is used
= OHDFewsAdapter
= Adapter developed by BC Hydro = SNOW-17
= SAC-SMA

Unit Hyd h
= Adapter modified by McMaster U i TVETORTaR

= NetCDF data transfer with Raven

Channel Routing (Lag-K)

= Etc.
= Updated state file (_solution.rvc) fed to
Delft-FEWS o
i eifaﬁihunirty
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Configuration

= Topology
= Import historic data

Import archived forecasts

Raven model
CHPS
Update states

Run deterministic hindcast
= RDPS (~72hr)
= GDPS (~72hr)
= HRDPS (48hr)

Cion Rivers

=8 | Import and PreProcess
= | Import Observed Daka
- [Ed Import Histarical Data
= | Import Predictions
Import Deterministic Forecasts

----- Postprocess Dekerministic Forecasts
Merge Observation and Forecast
=}, Humber River Watershed - Update States

------ Raven Modelling - Humber River

CHPS(SMOW 17 and 5AC-5MA) Modelling - Humber River
(=} |, DonRiver Watershed - Update States
- Raven Maodeling - Don River

EI CHPSESMOW 17 and SAC-5MA) Modeling - Don River

----- H¥017 - Don River at Glenshield

H¥01& - Don River at Knightswood
02HC056 - Don River East Branch near Thornhill

----- H¥0AzZ - Tavlar Creek South

----- H¥019 - Don River at Todmorden
=F . Humber River Watershed - Forecast

----- Rawven Forecast - Humber River - ROPS
----- Rawven Forecast - Humber River - GDPS
----- Raven Forecast - Humber River - HROPS
=} | Daon River Watershed - Forecast

----- Rawven Forecast - Don River - RDPS

----- Raven Forecast - Don River - GDPS

----- Raven Forecast - Don River - HRDPS
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Deterministic Forecasts: Mean Areal P.
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Configuration

= CHPS: Semi-distributed internally

» B G

= Humber and Don Rivers
EI . Impart and PreProcess
= | Import Observed Data
Import Historical Data
- | Impart Predictions
Impart Deterministic Farecasts
Postprocess Deterministic Forecasts
Merqge Observation and Farecast
Humber River Watershed - Update States
Raven Modeling - Hurmber River
CHPSSMOW1 7 and SAC-3MAY Modelling - Humber River
, Don River Watershed - Update States
Faven Modeling - Don River
[ 7a M) Madelling - Don River
HYD17 - Don River at Glenshield
HYO18 - Don River at Knightswood
02HCOSE - Don River East Branch near Thornhill
HYO62Z - Taylor Creek South
HYD19 - Don River at Todmorden
) Humber River Watershed - Forecast
! Raven Forecast - Humber River - ROPS
Raven Forecast - Humber River - GDPS
Raven Forecast - Humber River - HRDPS
) Don River Watershed - Forecast
R.aven Forecast - Don River - RDPS
Raven Farecast - Don River - GDPS
R.aven Forecast - Don River - HRDPS

=21 workflows segment CHPS{SMOW17 and SAC-5Mi) Modelling - Don River
=458 CHPS_Don fworkflow)

Ml SMNOW1T_HYD1 WS _UpdateStates (GA)
Ml 5ACSMA_HY017WS_UpdateStates (GA)
Ml UNITHG_HYO17WS_UpdateStates (GA)
Ml SMOW1T_HYD18WS UpdateStates (A)
SACSMA_HYO18WS_Updatestates (GA)
Bl UNITHG_HYO18WS_UpdateStates (GA)
Ml LAGK_HV017_HY015_UpdateStates (i=A)
’ MERGE_HY¥013 (transformation)
Ml SMOW1T_0ZHC058WS_UpdateStates (GA)
Wl 5ACSMA_DZHCOSEWS_UpdateStates (G0)
Ml UNITHG_DZHCOSEWS_UpdateStates (GA)
Ml SMOW17_HYO82WS_UpdateStates (i=4)
Ml 5ACSMA_HYOG2WS_UpdateStates (GA)
Ml UNITHG_HY062WS_UpdateStates (GA)
Bl SMOW 7 _HY019WS_Updatestabes (58]
Ml 5ACSMA_HYO19WS_UpdateStates (GA)
UNITHG_HY019wWS_Updatestates (GA)
Ml LaGK_HY018_HVO019_UpdateStates (GA)
Ml LAGK_02HCOS6_HY019_UpdateStates {GA)
W LAGE_HyDEZ_HY019_UpdateStates (GA)
(-4 MERGE_Hv019 {transformation)




Configuration

r B G

[=]- | Humber and Don Rivers

Import and PreProcess

Impart Observed Data

Import Historical Data

Irport Predictions

Impart Deterministic Farecasts
. Postprocess Deterministic Forecasts
Merqge Observation and Farecast
Humber River Watershed - Update States
B4 raven Modeling - Humber River

. CHPSSMOW1 7 and SAC-3MAY Modelling - Humber River
Don River Watershed Update States

. CHPS(SNOWI? and SAC-5MA) Modelling - Don River
HY017 - Don River at Glenshield

HYO18 - Don River at Knightswood

02HCOSE - Don River East Branch near Thornhill
HYO62Z - Taylor Creek South

HYD19 - Don River at Todmorden

Humber River Watershed - Forecast

Raven Forecast - Humber River - ROPS

Raven Forecast - Humber River - GDPS

Raven Forecast - Humber River - HRDPS

Don River Wakershed - Forecast

R.aven Forecast - Don River - RDPS

Raven Farecast - Don River - GDPS

R.aven Forecast - Don River - HRDPS

Raven adapter (python):
One adapter does all pre-processing, executing, and post-processing

= Raven model: Semi-distributed externally

=121 workflows segment Raven Modelling - Don River

E}@ Raven_Don {workflow)
(=4 RAYEN_mmbr2mmday (transformation)
| =@ User Simple CONVERT {process)
- MAP - Predipitation Areal Mean (MAPY;Don River HRUS (DonHRL (58); Thisssen_Ma;hour (npot timeseriss)
i@ Areal Mean Precipitation Prediction (mmjfday) (MaPmmday);Don River HRUs (DonHRU) (58);RAYEM _mmhr2rmmday;hour (output timeseries)
E| - RAYEM_Don {A)
- @ IdRavenDonImport {id map)
- @ IdRavenExport (id map)
- @ UnitConwersionRavenImport (unit conv)
- @ UnitConversionRavenExport {unit conv)
@ Export modsl parameters (process)
: ’ RAYEM_Don {model parameters)
=8 Export Limeseries {process)
4@ Areal Mean Precipitation Prediction (mmfday) (MaPmmday);Don River HRUS (DonHRL (580; RAYEM_mmbr2mmday; hoar (aukpok bmeserizs)
4@ MAT - Air Temperature Areal Mean (MAT);Don River HRUs (DonHRLU) (58); Thiessen_Ma;hour (oukput timeseries)
-4 SWE_HRU;Don River HRUs (DonHRU) (58%; ExportMODS; haur; maing0 (oukput timeseries)
4@ S0ILD;Don River HRUs (DonHRL) (58);ExportMO0S;hour;maing0 (output timeseries)
4| 50IL1;Don River HRUs (DonHRUY (583;ExportMO0s;hour;maing0 {output timeseries)
@ SOIL2;Don River HRUS (DonHRL) (580 ExpartMO0S; haur maingd (oukput Hmeseries)
4@ 50IL3;Don River HRUs (DonHRLD (58);ExportMO0S;hour;maing0 (output timeseries)
-4 50IL4;00n River HRUS (DonHRU) (583;ExpartMO0s;hourmaing0 (oukput timeseries)
4@ S0ILS;Don River HRUs (DonHRL) (58);ExportMO0S;hour;maing0 (output timeseries)
= @ Import timeseries (process)
* SQIM - River Discharge Simulated Instantaneous {SQINMY;Flow Gauges - Don (DonQINg (6); RAVEN_Don;hour (input timeseries)




Configuration

= Raven State Updating: GA runs an external python script

[=1+{Z1) workflows segment Raven Forecast - Humber River - RDPS

r B G E}@ Raven_HumberRDPS (workflow) .
E|0 RavEN_mmhrZmmday (transformation)

[=]- | Humber and Don Rivers =} @ User Simple COMYERT (process)
Import and PreProcess - CaSPar - Areal Mean Precipitation Prediction (ROPS) (PROPS);HUmber River HRLS (HurmberHRLED (1490;R0PS_Deaccurmulation; hour (npok bmeses

Impart Observed Data ﬁ CaSPAr - Areal Mean Precipitation Prediction (RDPS) (PROPSmimday);Humber River HRUs {HumberHRL) {1493 RAYEN _mmbrZmmday; hour {outpu
Import Historical Data ’

Irport Predictions Ml RavEN HumberRDPS (GA)

Import Deterministic Forecasts - @ IdRavenHumberImport {id map)
. Postprocess Deterministic Forecasts - @ IdRavenExport_RDPS {id map)

Merge Observation and Forecast =} @ Export model parameters {process)
Humber River Watershed - Update States ’ RAVEN_Humber (model parameters)
. Raven Modeling - Humber River = @ Export timeseries (process)
CHPS{SMOW17 and SAC-5MA) Modelling - Humber River .4 CaSPar - Areal Mean Precipitation Prediction (ROPS) (PROPSmmday);Humber River HRUs (HumberHRU) (14979;RAYEM _mmhr2mmday;hour {outpu
Dan River Watershed - Update States 4@ Grid Temperature Prediction (ROPS) (TROPS);Humber River HRUs (HumberHRU) (149); Grid2Ma;hour {output timeseries)
Raven Modeling - Con River 4@ SWE_HRU;Hurnber River HRUs (HumberHRU) (149);ExportMODS; hour;maing0 (output timeseries)
CHPS(SMOW17 and SAC-5MA) Madeling - Don River 4@ SOIL0;Humber River HRUs (HumberHRU) {1490 ExportMODS; hour; maingd (oukput timeseries)

HY017 - Don River at Glenshield @ S0ILL;Humber River HRUs (HumberHRUY (149 ExpartMODS; hour;maing0 (oukput timeseries)

HYO18 - Don River at Krightswood 4@ S0ILZ;Humber River HRUs (HumberHRU) {1490 ExportMODS; hour; maingd (oubput timeseries)

02HCOSE - Don River East Branch near Thornhil - SOIL3;HUmber River HRUSs (HumberHRU) {143%; ExpartMODS; hour; maingd (output timeserizs)

HY08Z - Taylar Creek South 4@ S0IL4;Humber River HRUs (HumberHRU) {149); ExportMODS; hour; maingd (oubput timeseries)

HY¥019 - Don River at Todmarden 4@ SOILS;Humber River HRUs (HumberHRUY (149 ExportMODS; hour; maing 0 (oukput timeseriss)
Humber River Watershed - Forecast =} @ Irmport timeseries (process)

s&n Forecast - Humber Rivar - RDPS .. SQIM - River Discharge Simulated Instantaneous {SQIN);Flow Gauges - Humber (HumberQIMY (13);RAYEM_HumberRDPS;hour {input timeseries)

Raven Forecast - Humber River - GDPS
Raven Forecast - Humber River - HRDPS
Don River Wakershed - Forecast

R.aven Forecast - Don River - RDPS
Raven Farecast - Don River - GDPS
R.aven Forecast - Don River - HRDPS




Future Works

= Batch Forecast

= Adapt other hydrologic/hydraulic models

" Integrating enhanced forecasting components from our research

group
= Data Assimilation (beyond OpenDA)

= Bayesian Forecasting System
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