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Origins of CaSPAr

« NSERC Canadian FloodNet Strategic
Network led by Dr. Paulin Coulibaly
— 5 year, $5,000,000 grant 2014-2019

— Many partners including 3 CAs,
hydropower & prov. forecasting agencies

— A key focus was improving state-of-art
and state-of-practice in flood and flow
forecasting in Canada

www.caspar-data.ca Floodmt
caspar.data@uwaterloo.ca NSERC




Origins of CaSPAr

NSERC Canadian FloodNet Strategic
Network led by Dr. Paulin Coulibaly

< C @ Notsecure | www.nsercfloodnet.ca 0 B 5 e

Flood N et HOME ABOUT ~ THEMES ~ RESEARCH ~ PEOPLE ~ NEWS ~ LOGIN

NSERC

. Over the last five decades, floods have been the deadliest natural disaster in the world after ,d N et
earthquakes and tsunamis, affecting millions of people worldwide. In Canada, floods are ERC
recognized as the most common, largely distributed, natural hazard to life, property, the Flnnd pr -




Origins of CaSPAr

* One key problem

— Forecasting flows requires weather
forecasts -+ archived weather forecasts

— Original belief in FloodNet was that such
archived forecasts would be supplied by
ECCC

« By Sept. 2016: clear this was impractical and
there was no accessible weather forecast
archive for ECCC forecasts

www.caspar-data.ca Floodmt
caspar.data@uwaterloo.ca NSERC




Origins of CaSPAr

« Sept. 2016: Group of FloodNet
researchers decide to build this archive

« Nov. 2016: apply for supercomputing
resources

« March 2017: supercomputing resources
granted and CaSPAr is a full-go!

« CaSPAr: Canadian Surface Prediction
Archive

« June 2018: CaSPAr portal is finally live

www.caspar-data.ca Floodmt
caspar.data@uwaterloo.ca NSERC




CaSPAr Overview

REGISTER CONTACT DOCUMENTATION CATALOGUE DATA PORTAL

www.caspar-data.ca FIOOd'I‘?et
caspar.data@uwaterloo.ca NSERC




CaSPAr Overview

« CaSPAr built as a tool for research but
it is also useful in practice

— 200+ TB data archived May 2017 to
seven days ago

— Data added daily from ECCC
— 9 ECCC numerical weather products

« CaSPAr is NOT an operational weather
forecast distribution tool

www.caspar-data.ca Floodmt
caspar.data@uwaterloo.ca NSERC
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DataMart
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http://dd.meteo.gc.ca/about_dd_apropos.ixt
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Index of /model_gem_global/25km/grib2/lat_lon/00/009

@ e glb_DEPR_ISBL_100_latlon.24x.24_2018112700_P009.grib2
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2018-11-27

03:39

Name Last modified Size Description
& cozent pizectosy -
CMC_glb_ABSV_ISBL 200 latlon.24x.24_2018112700_P009.grib2 2018-11-27 03:39 161K
CMC_glb_ABSV_ISBL 250 latlon.24x.24_2018112700_P009.grib2 2018-11-27 03:39 134K
CMC_glb_ABSV_ISBL_500_latlon.24x.24_2018112700_P009.grib2 2018-11-27 03:39 163K
CMC_glb_ABSV_ISBL_700_latlon.24x.24_2018112700_P009.grib2 2018-11-27 03:39 173K
CcMC_glb_ABSV_TSBL 850 latlon.24x.24_2018112700_P009.grib2 2018-11-27 03:39 189K
CcMc_glb_ACPCP_SFC_0_latlon.24x.24_2018112700_P009.grib2 2018-11-27 03:39 470K
@ CMC_glb_ALBDO_SFC_0_latlon.24x.24_2018112700_P009.grib2 2018-11-27 03:39 113K
@ CMC_glb_APCP_SFC_0_latlon.24x.24_2018112700_P009.grib2 2018-11-27 03:39 1.6M
@ CMC_glb_CWAT_EATM_0_latlon.24x.24_2018112700_P009.grib2 2018-11-27 03:39 193K
@ cMC_glb_DEPR_ISBI_1000_latlon.24x.24_2018112700_P009.grib2  2018-11-27 03:39 328K

1708

@ o ilb DEPR ISBL 1015 latlon.24x.24 2018112700 POO! ixibz 2018-11-27 03:39 315K
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State of the art

DataMart
http://dd.meteo.gc.ca/about_dd_apropos.ixt

ove < [im] dd.weather.gc.ca [ (] (is) a ’T

Index of /model_gem_global/25km/grib2/lat_lon/00/009

no archive

Name Last modified size Description

& cozent pizectosy -

() cuc_s1b_npsv_rsmn_200_tation. 24x.24_2018112700_p009.qribz 2018-11-27 03:39 161K data interpolated tO grib2

CMC_glb_ABSV_ISBL 250_latlon.24x.24_2018112700_P009.grib2 2018-11-27 03:39 134K

cMC_glb_ABSV_ISBL 500_latlon.24x.24_2018112700_P009.grib2 2018-11-27 03:39 163K Supported grld

@ cue glb_ABSV_ISBL 700_latlon.24x.24_2018112700_P009.gri 2018-11-27 03:39 173K

[3 cMC_glb_ABSV_TSBI,_850_latlon.24x.24_2018112700_P009.grib2 2018-11-27 03:39 189K o no Spatial Cropping

[ cuc_o1n acece_src_o_1ation.2ax.26 2018112100 2009, orib2 2018-11-27 03:39 470K

@ CMC_glb_ALBDO_SFC_0_latlon.24x.24_2018112700_P009.grib2 2018-11-27 03:39 113K h t H

B oo pecr sz o tetion.ziras s o b 2016-10-27 0313 16w e heavy post-processing
() cuc_gin_cun_pami_o_tation.2x.24_2018112700_2009. 5rib2 2018-11-27 03:39 193K

(1 cuc_ab_pmes_rssr 1000 tation.24x.24 2018112700 P00s.qribz  2018-11-27 03:39 326K
@ e glb_DEPR_ISBL_100_latlon.24x.24_2018112700_P009.g; 2018-11-27 03:39 170K
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Aim of CaSPAr

archive convert provide
forecasts & analyses raw FST data to gis-based web interface
produced by standardized NetCDF to make data available
I*I (E)rl?vmiggn&%rgnz%doanada j"; ‘rv:l’ ) ™ =

Environnement et
Changement climatique Canada

www.caspar-data.ca
data@uwaterloo.ca

Slide 4



Architecture

o

Community

www.caspar-data.ca
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Architecture

&S 0

Community Front End Portal

www.caspar-data.ca
Slide 5 caspar.data@uwaterloo.ca



Architecture
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Community Front End Portal Back End Portal
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Architecture
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Community Front End Portal Back End Portal
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Architecture

# 0 0d 0 5=

Community Front End Portal Back End Portal
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#1
Individual Subsetting of Data
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Frontend
— Submit Your Request —

LN
CaSPAtL:>

Canadian Surface Prediction Archive

www.caspar-data.ca
caspar.data@uwaterloo.ca




Frontend

— Submit Your Request —

v Select product

www.caspar-data.ca
caspar.data@uwaterloo.ca



Frontend

— Submit Your Request —

v Select product i
v Credentials

" e . - www.caspar-data.ca
) caspar.data@uwaterloo.ca



Frontend

— Submit Your Request —

Request a Data Product from CasPAr v caseAll}
v Select product
v Credentials
v Domain

2. Upioaa shaperie

www.caspar-data.ca
data@uwaterloo.ca




Frontend

— Submit Your Request —

v Select product
v Credentials
v Domain

v Variables

www.caspar-data.ca
.data@uwaterloo.ca




Frontend
— Submit Your Request —

v Select product
v Credentials
v Domain

v Variables

V" Horizons

www.caspar-data.ca
.data@uwaterloo.ca



Frontend

— Submit Your Request —

v Select product
v Credentials
v Domain

v Variables

V" Horizons

v Issues

www.caspar-data.ca
data@uwaterloo.ca



Frontend

— Submit Your Request —

v o CaSPARRs
Select product
Credentials
Domain
Variables
Horizons
Issues
Time period

SNENENENENENEN

www.caspar-data.ca
data@uwaterloo.ca



SN N NENENENEN

Select product
Credentials
Domain
Variables
Horizons
Issues

Time period
Submitted!

Frontend

— Submit Your Request —

& caspar-dataca

in
v o CaSPAE:R
7

www.caspar-data.ca
data@uwaterloo.ca



#2
Easy Comparison of NWP Products

www.caspar-data.ca
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01)un 2017 00:00:00 UTC

G 10T 10 10w 60w

Easy Comparison of NWP Produc

— Products Available —

GDPS

o 0025
GEPS_P_HU_10000: Forecast:Speciic humidiy kgto )

0100 2017 00:00:00 UTC

RDPS

00025 0.0050 00075 00100 00125 00150 00175 00200
REPS_P_WU_SFC:Forecast: Speciic humidity (9kg)

020ct 2017 00:00:00 UTC

Slide 9

o025
(GDPS_P_HU_10000: Forecast: Spific humidty [kgkg )

00025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0175 0.0200
RDPS._y_SFC: Forecast: Speific humidity[x0kg ]

CaPA 10.0k

CaPA 2.5k

020ct 2017 1800:00 UTC

Gl

01jun 2017 00:00:00 UTC

HRDPS

oW S0

o0

0 002 004 o0 008
CaPA_coarse_A_PRSFC: Analysis: Quantity of preciptation ()

18 Feb 2017 06:00:00 UTC

5 0 5 10 15 2 25 30
HAOPS_P_TT_10000: Forecast: Al temperature (deg_C1

02 0ct 2017 000000 UTC

AT T
7,

CalLDAS

o Gl

o000

CaPA_fine_A_PR_SFC: Anaysis: Quantity of precpitation )

20
CaLDAS A10_profe: Analysis: Suface and soil emperatures (K]

www.caspar-data.ca
caspar.data@uwaterloo.ca



Easy Comparison of NWP Products

— Products Available —

8+ TB
new data
per month

(20+ months are archived to date)

www.caspar-data.ca
Slide 9 caspar.data@uwaterloo.ca



Easy Comparison of NWP Products

— Grand River Flood Event June 2017 —

GEPS (Forecast) REPS (Forecast)

L)

CaPA coarse (Analysis) HRDPS (Forecast)

a
GDPS (Forecast)

f)
82°W  80°W 82°W  80°W

www.caspar-data.ca
Slide 10 caspar.data@uwaterloo.ca



Easy Comparison of NWP Products
— Grand River Flood Event June 2017 —

Forecasted precipitation — Grand River watershed upstream of West Montrose

Precip. Rate
P[mm h1]
=
o
CaPA coarse

N

o
L

d)

N
o
!

Precip. Rate
P[mm h1]
=
o
GDPS
RDPS
CaPA fine

ﬂz
9)

Date time (UTC)

Date time (UTC) Date time (UTC)

www.caspar-data.ca
ata@uwaterloo.ca
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#3
Drastic Reduction of Data Amount to Download
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Drastic Reduction of Data Amount to Download

— Grand River Flood Event June 2017 —

ast) REPS (Forecast)

GEPS (Forec CaPA coarse (Analysis) HRDPS (Forecast)

CaSPAr vs. DataMart
Difference due to
spatial cropping

www.caspar-data.ca
Slide 12 caspar.data@uwaterloo.ca




Drastic Reduction of Data Amount to Download

— Grand River Flood Event June 2017 —

GEPS (Forecast) REPS (Forecast) CaPA coarse (Analysis)  HRDPS (Forecast)

A
)V

"I~ A
5TV {7y

e T N ™5 N

-99.33%  -99.02%  -96.52%  -99.96%
e a) =1 7 d L0

GDPS (Forecast) RDPS (Forecast) CaPA fine (Analysis)

AW L. . caSPArvs. DataMart

" _9001%  -90.89%  -99.16% Difference due to

" 5| | L3 | _3 spatial cropping
N, ol L) L— )

www.caspar-data.ca
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#4
Standardized File Format
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Standardized File Format

x| 2017062300.nc:
X\ Ncview 2.1.8
Neview 2.1.8 David W. Pierce 8 March 2017
displaying Forecast: Quantity of precipitation
frame 23/49 23-Jun-2017 22:00:00
displayed range: 0 to 0.058936 m
Current 0)0.0494861 (x=-80.3609, y=44.01954)

Qut =1 4 < 0 > [FEdr 7 Delay: | Opts
bright | InvP | /InvC |MX20 Linear | Aves |Range | Repl | Print

ain
HRDPS_P.

Current: Max: Units:

0 23-Jun2017 a8 hours since i
-4.495 3.82 degrees

23.8788 242163 degrees

v~ CF-1.6 compliant NetCDF files
v projection information included

www.caspar-data.ca

Slide 14 caspar.data@uwaterloo.ca



#5
Seamless Utilization of Input Data
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Seamless Utilization of Input Data

— Models running with NetCDF inputs directly —

Hydrologic Modeling Framework RAVEN
Hydrologic Modeling Framework SUMMA

Variable Infiltration Capacity Model VIC v5.0

Mesoscale Hydrologic Model — mHM

MEC-Surface & Hydrology model — MESH

Weather Research and Forecasting Model — WRF-Hydro
Community Land Model — CLM

Multi-parametrization Land Surface Model — Noah-MP

www.caspar-data.ca
Slide 16 caspar.data@uwaterloo.ca



Summary of Products in CaSPAr

F ted

Archived Archived -orecas € Ensemble Number Memory

Product . . time steps Issues . of Resolution
since until size [GB/month]

[h] variables

2017- 1.2, 72

GEPS tod e o 2/d 21 ~
05-23 oday 9,.. 384 /day 55 50.0km 4662
2017- 1,2,... 144

GDPS tod T . 2/d 1 e
05-22 - 147,240 /9 >3 25.0km 426
2017-

REPS today 1.2,., 72 2/day 21 52 ~15.0km 1638
05-23
2015-

RDPS — today 1,2,.., 84 4/day 1 55 ~10.0km 684
2010- 2014-

RDRS 1.2,... 24 1/d 1 ~
01.01 1531 /day 12 15.0km 5
2017-

HRDPS today 1,2,.... 48 4/day 1 50 ~25km 840
05-22
2017-

CalDAS today N/A 8/day 25 14 ~2.5km 281
05-22
2012-

CaPA_coarse i today N/A 4/day 1 2> ~10.0km 1
2016- 2018-

CaPA fi N/A 4/d 1 -

aPA_fine_exp 06-01 03-02 / /day 2 2.5km 2
2018-

CaPA _fi tod N/A 4/d 1 -

aPA_fine 03-03 oday / /day 2 2.5km 2

Www.caspar-data.ca

caspar.data@uwaterloo.ca




CaSPAr Utility Demo 2: CaPA

« ECCC CaPA precipitation product

— Blends numerical weather model plus
ground and radar observations

— Are my case study area rain gauges
incorporated into CaPA?

www.caspar-data.ca FlOOd'l‘?et
caspar.data@uwaterloo.ca NSERC



CaSPAr Utility Demo 2: CaPA

« Building City of Calgary hydrologic model ---

N CaPA grids (highest confidence = 0.91)

A

Legend
A Cli ta %
[ ] sub OI %) ian FIOOd N et
NSERC




CaSPAr Utility Demo 3: Post June 23,

2017 flood event analysis in GRCA

« I found this GRCA presentation:

https://www.grandriver.ca/en/our-
watershed/resources/Documents/Flooding/West-
Montrose July 24 2017 Presentation Final.pdf

< 2 C @ hit

June 231 2017
Record Rainfall Flood Event
West Montrose Debriefing

24 July 2017

Dwight Boyd, GRCA Director of Engineering




CaSPAr Utility Demo 3: Post June 23,

2017 flood event analysis in GRCA

« I found this GRCA

presentation:

https://www.grandriver.ca/en/our-

watershed/resources/Documents/Flooding/West-

Montrose July 24 2017 Presentation Final.pdf

« Since CaSPAr was
GRCA analysis dic

not yet built in July 2017, the
not include evaluation of ECCC

weather forecast products for this event

20 A
R a) ] b) c)ly d)
© © v
o= v I v o o
o £ 10 I 4 : I E
o I8
g iy i Y LB 1 F
aQ !EZE%EEEEE::E iy ,--!=|"--. MU Al Ltﬂﬂ-
[V S —— S S S . 5 e b —u.
20 A
o e) f) 9,
8= 0 0 -
3 10 A <
% E 8 I 2 ta o
@ = . i o
T o i j ,L}; JJr.‘I al
0 1 > 5 3 e E‘Rut:.' e =« awried|

22jun 23 Jun " 22jun 23 Jun

22)un 23 Jun
Date time (UTC) Date time (UTC) Date time (UTC) %
www.caspar-data.ca  [HheRINS;
caspar.data@uwaterloo.ca NSERC



CaSPAr Utility Demo 3: Post June 23,

2017 flood event analysis in GRCA

« Direct ingestion of CaSPAr NetCDF file into Raven
model of Grand River (Irvine River)

« Raven: http://raven.uwaterloo.ca/Main.html

— Developed at University of Waterloo since 2007 (led by Dr. J. Craig)

— Raven is a flexible hydrologic modelling framework (lumped to
distributed, users select processes to model)

— Operational forecast model for multiple agencies across Canada
« Steps:
— Use prexisting semi-distributed Raven hydrologic model of Grand River

— Download HRDPS precip forecast for June 23 (0:00 UTC) - .nc file

— Determine weightings for Raven to remap grid cell precip data to
modelled spatial units (quick GIS analysis)

— Raven reads nc file to produce hydrographs ---

e 1 TR, e Ve R o www.caspar-data.ca Floodmt
14 caspar.data@uwaterloo.ca NSERC




CaSPAr Utility Demo 3: Post June 23,

2017 flood event analysis in GRCA

81 'U'l o"w 30'3'[!" o"w 30'0‘:0"\" 73"3'[!'0'“
« Irvine River Legend _
- [ LakeReserviors -
S | —— River =
§ [JIrvine guage river basin ﬁ
= [ ]Grand River Bazin =
xz =
o =
S (S
= =
- -
z z
o o
e k=
L2 ] (2]
- -

www.caspar-data.ca
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CaSPAr Utility Demo 3: Post June 23,

2017 flood event analysis in GRCA

e Simulate hourly time sten w HRNDQ fararact icciied M 7 nm Tiina 2D

N
o
1

GEPS
HRDPS

Precip. Rate
P[mm h—1]
-]

o

o
-

HRDPS

www.caspar-data.ca Floodmt
caspar.data@uwaterloo.ca NSERC




Demo screen cap

X I ‘ * Exec & staff | Trello @ Reguest a Data Produ PowerPaint Presentatio. X { Download data : kckorii X | -i the Raven Hydrolagical X The Globe and Mail: Ca. X | +

C & https://caspar-data.ca/po ndex.htmli?appid=f6437 1bd875859ce28e
AAR

Request a Data Product from CaSPAr Powered by FloodNet W' & ,ga_;ﬂlfAl’}j}

CaSPAr GEPS GDPS REPS RDPS RDRS - CalLDAS CaPA_coarse CaPA fine CaPA_fine_exp Forgot Password?

? High-Resolution Deterministic Prediction
Ak Upload Domain System
Click in bottom panel to request data of a
Add Shapefile domain drawn manually or uploaded as shape
il
grand-river-shape.zip

Forecast Products / Varlables*

'HRDPS_P_FSF_SFC - Forecast:
Diffuse solar downward flux at the
surface

HRDPS_P_TT_10000 - Forecast: Air
temperature

Vaughar

HRDF’S_F‘_l?_SFC - Forecast: Soil |
volumetric ice content T

"HRDPS_P_PT_SFC - Forecast:
Pressure at the top of the model

it}
=)
Request HRDPS @

00 7 i

L I NIRE R 0
T www.caspar-data.ca

caspar.data@uwaterloo.ca




CaSPAr Utility Demo 3: Post June 23,

2017 flood event analysis in GRCA

« Simulate hourly time step w HRDPS forecast issued @ 7 pm June 22

160 -
140

120

iy

o

o
|

Discharge (m/s)
Q0
o

Streamflow forecast at Irvine river with HRDPS

Bias adjusted forecast
Raw forecast
Observation

10 20 30 40
Hours after Jun 23 00:00:00

www.caspar-data.ca
caspar.data@uwaterloo.ca

Y
FloodNet
NSERC



CaSPAr Utility Demo 3: Post June 23,

2017 flood event analysis in GRCA

CaPA grid cells
k Confidence of climate stations is in range of [0.83-0.92].

« Grand River
Watershed rain
gauges in CaPA?

« Only ECCC gauges
shown on map

Legend

[ S
A Clmate siation Conidence T www.caspar-data.ca i
o T I IEE] : FloodNet
* & ¢ PSS caspar.data@uwaterloo.ca NSERC




The Future of CaSPAr

« CaSPAr (version 1.0) is a research product
- CaSPAr-research v1.0

« Beyond flow forecasting researchers, CaSPAr-
research is a valuable tool for forecasting agencies:

1. Archived data are required to develop new forecasting
systems

2. Archived data are required to test new forecasting
approaches (e.g., using HRDPS)

3. Forecasting agencies can look back at suite of ECCC
numerical weather products on past events like we did
on June 2017 Grand River flood event

www.caspar-data.ca Floodmt
caspar.data@uwaterloo.ca NSERC




The Future of CaSPAr

CaSPAr-research v1.0

« Dr. Julie Mai supports this portal

« Support for running CaSPAr portal runs out April 1!
« We hope ECCC will support CaSPAr beyond this

« We could use your help ...

www.caspar-data.ca FlOOd'l‘?et
caspar.data@uwaterloo.ca NSERC



The Future of CaSPAr

CaSPAr-research v2.0

would continue to function as ECCC NWP archive

« Include pre-processing tools for bias correction, interpolation
etc.

« Incorporate new NWPs from ECCC (e.g., radar rainfall fields,
E)é%ecrlmental NWPs for efficient sharmg across and/or outside

« Customized output file formats for directly feeding forecast
systems (e.g., avoid all local pre-processing)

Sup ort from this would come from future research grant
FloodNet2 hopefully and we would love to see many of
you as partners in FloodNet?2

www.caspar-data.ca Floodmt
caspar.data@uwaterloo.ca NSERC




The Future of CaSPAr

« The FloodNet team decided to build CaSPAr to improve
Flood Forecasting in Canada

— Originally we believed archived access to ECCC forecasts
would be enough

— Now, we believe more can and should be done to improve
the operational distribution of ECCC numerical weather
forecasts = how many agree?

— Julie and I want to help do this somehow but we need
support from ECCC

« How feasible is it to operationalize CaSPAr?
— From a purely code modification perspective — super easy!
— Successful implementation within reach provided there is

some support ($) and a desire to do this
« Advocacy/requests could help

www.caspar-data.ca Floodmt
caspar.data@uwaterloo.ca NSERC




Summary and Conclusions

« (CaSPAr is available for you to make use of
https://github.com/kckornelsen/CaSPAr_Public/wiki/Download-data#submit-request

« Perhaps CaSPAr workshops focused on NetCDF file
format processing would be helpful?

« Please speak with me or email me if you have an
interest in actively supporting CaSPAr through advocacy
or other means: btolson@uwaterloo.ca

« Please speak with me or email me if you have an
interest in joining a future FloodNet2 grant as a partner

— Come to final FloodNet meeting in Hamilton June 18-20.
For info, email floodnet.manager@mcmaster.ca

— What do CAs need from research community?

B— ) www.caspar-data.ca Floodmt
caspar.data@uwaterloo.ca NSERC




Summary and Conclusions

« (CaSPAr is available for you to make use of
https://github.com/kckornelsen/CaSPAr_Public/wiki/Download-data#submit-request

« Perhaps CaSPAr workshops focused on NetCDF file
format processing would be helpful?

« Please speak with me or email me if you have an
interest in actively supporting CaSPAr through advocacy
or other means: btolson@uwaterloo.ca

« Please speak with me or email me if you have an
interest in joining a future FloodNet2 grant as a partner

— Come to final FloodNet meeting in Hamilton June 18-20.
For info, email floodnet.manager@mcmaster.ca

— What do CAs need from research community?
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Thanks and Questions?

« ECCC staff (Vincent, Nicolas, Djamel) were
incredibly supportive and devoted huge amounts of
time to this: without them, CaSPAr would not have
been possible!!

casp‘ll.

Canadian Surface Prediction Archive

T
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Overview of Other FloodNet

Project 2-1 Case Studies

« Humber River (ON.) = TRCA

« Kaministiquai River (ON.) = OPG
- Lake of the Woods (ON.)> LWCB
« 20 Quebec catchments > MELCC
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Case study design

+ Research areas B3
_ 20 catchments in Eie=
southern Québec,
Canada.
 Hydrologic model S5
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Flow prediction evaluation results

Approach 1
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