A
FloodNet

-

University of

Waterloo McMaster

% ‘ E/g University%/g
ca s I ‘l .. m\E/IKE @esri Canada

Il e,
Canadian Surface Prediction Archive imate hange L-anaca

Eﬂ\ggcérér;ﬁ?rﬁn;ﬁ?r:aﬁque Canada
Juliane Mai, Kurt C. Kornelsen, Bryan Tolson, et
Paulin Coulibaly, Francois Anctil, Vincent Fortin, ® Ll ,3‘%‘&

compute | calcul
canada canada

CRSNG
Michael Leahy, Brent Hall



Overview

L]
[} 4

« Number of CPU cores: 2;168 (all other together: 22,580)
e Total memory (RAM): 149 TB (4.6 GB/core on average)
i T_:I'o;tql__stgrage: 5PB=5,120TB
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Overview

— RPP proposal -

e 8 CaSPAr will provide

* Plan bor water allecalion during
A drought

Ay ek e foundational

* Purchase seads:

s e e knowledge and
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gl b data infrastructure

; + Designate ship routing i maiyd d
GUIDANCE ; = Plan Navy ship sartie planning Sk - -
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= Aviation + Plan for spikas in energy demand
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e ) to environmental
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Overview

— RPP proposal -

Storage: Storage:
264 TB (100% approved) 93TBand 139 TB
> 116 TB (RDPS 2002-16) Comp. Resources:
» 55TB (REPS 2013-16) 275 core yrs each

» 31 TB (CaLDAS, RE/DPS, GE/DPS Oct 2016-now)
» 62 TB (var. products 1 year)

Computational Resources:
275 core years (49% approved)
» 75 coreyrs (Userrequests)
» 200 core yrs (Adding/formatting new data)
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Products
— Example: Global Ensemble Prediction GEPS -

{ Forecasted time

steps [h]: 1,2,..., 72,96, ... 384
d Issues: 2/day

Ensemble size: 21
| # variables: ~21

Resolution: 50 km

Domain: global

e 60°E 120°E 180° 120°W 60°W

0.004 0.008 0.012 0.016 0.020 0.024 0.028 0.032 0.036

Forecast: Specific humidity [kgkg '] %
> . N FloodNet
> NSERC




Products
— Example: Global Ensemble Prediction GEPS -

Forecasted time
o steps [h]: 1,2,..., 72,96, ... 384

{1 Issues: 2/day
Ensemble size: 21

| # variables: ~21
Resolution: 50 km
Domain: North America
Memory [GB/month]: 1245

0.004 0.008 0.012 0.016 0.020 0.024 0.028 0.032 0.036

Forecast: Specific humidity [kgkg '] %
: - - FloodNet
NSERC




Products

— Example: Global Deterministic Prediction GDPS -

- 4 Forecasted time
L7 steps [h]: 1,2,...,144, 147,...,240

Issues: 2/day
Ensemble size: 1

# variables: ~23
Resolution: 25 km
Domain: global

60°E 120°E 180° 120°W 60°W

0.0025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0175 0.0200 0.0225

Forecast: Specific humidity [kgkg '] %
> . N FloodNet
> NSERC




Products

— Example: Global Deterministic Prediction GDPS -

"4 Forecasted time
7 steps [h]: 1,2,...,144, 147,...,240
& Issues: 2/day

Ensemble size: 1

# variables: ~23
Resolution: 25 km
Domain: North America
Memory [GB/month]: 105

0.0025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0175 0.0200 0.0225

Forecast: Specific humidity [kgkg '] %
: - - FloodNet
NSERC




Products

— Example: Regional Ensemble Prediction REPS -

Domain:

Forecasted time

steps [h]: 1,2,...,72
, Issues: 2/day
1 Ensemble size: 21

# variables: ~37

Resolution: 15 km

North America

0.003 0.006 0.009 0.012 0.015 0.018 0.021 0.024 0.027

Forecast: Specific humidity [kgkg ']

Y
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Products

— Example: Regional Ensemble Prediction REPS -

steps [h]:
Issues:
Ensemble size:
# variables:
Resolution:
Domain:

Forecast: Specific humidity [kgkg ']

0.003 0.006 0.009 0.012 0.015 0.018 0.021 0.024 0.027

Forecasted time

Memory [GB/month]: 1140

Y
_ FloodNet
NSERC

1,2,...,72

2/day

21

~37

15 km

North America




Products

— Example: Regional Deterministic Prediction RDPS -

steps [h]:
Issues:
Ensemble size:
# variables:
Resolution:
Domain:

Forecast: Specific humidity [kgkg ']

0.0025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0175 0.0200 0.0225

Forecasted time

1,2,...,84

4/day

1

~32

10 km

North & Centr. America
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Products

— Example: Regional Deterministic Prediction RDPS -

Forecasted time

steps [h]: 1,2,...,84

Issues: 4/day

Ensemble size: 1

# variables: ~32

Resolution: 10 km

Domain: North & Centr. America
Memory [GB/month]: 645

80°wW

0.0025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0175 0.0200 0.0225

Forecast: Specific humidity [kgkg '] %
NSERC



Products

— all others —

CaLDAS: 756 GB/month
Canada, 2.5 km resolution, 5 issues/day, 21 ens., ~6 variables
* CalLDAS mean: 576 GB/month
Canada, 2.5 km resolution, 24 issues/day, ~20 variables
e HRDPS: 675 GB/month
Canada, 2.5 km resolution, 4 issues/day, ~32 variables, t = 1,2,...84 [h]
» Reforecast: 6 GB/month
North America, 50 km res., 1 issue/week, 4 ens., ~4 variables, t = 24, 48, ...768 [h]
e CaPA: 0.75 GB/month
North America, 10 km resolution, 5 issues/day, 1 variable
 CaPA: 6 GB/month
Canada, 2.5 km resolution, 5 issues/day, 1 variable

Y
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Products

— all others —

CaLDAS: 756 GB/month

Canada, 2.5 km resolution, 5 issues/day, 21 ens., ~6 variables

e CalLDAS mean: 576

Canada, 2.5

* HRDPS: 675 GB/

Canada, 2.5

e Reforecast: 6 G

North Amer

e (CaPA:0.75 GB/

North Amer
CaPA: 6 GB/month

Canada, 2.5 km resolution, 5 issues/day, 1 variable

Y
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..84 [h]

= 24,48, ...768 [h]
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Front End View
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UW~ Algorithms v OpenMe ¥ Canadav UFZv GoogleMaps Wikipedia Heatmap CS Basictmux T..SH - YouTube PA-DDS Functions  HPC Python Course

GREENLAND

UNITED
STATES

SWEDEN iy rann

HORWAY

URITED
CANADA KING DOM

POLAND
CERMANY

UKRAINE
FPRANCE
ITALY

Z UNITED ¥
w STATES SEALN CREECE: TURKEY

ALGERIA LERA

MEXICO S AHARA

MAL] NIGER SUDAN
CHAD
MIGERIA
VENEZUELA

o

Esri, HERE, Garmin, FAO, NOAA, EPA, AAFC, NRCan

N
FloodNet



https://www.arcgis.com/apps/webappviewer/index.html?id=bc2ddc00947c436e8534ae3e3832f118
https://www.arcgis.com/apps/webappviewer/index.html?id=24d0d8eb9a214a5a917f6ae3bdbbf9ce

Front End View

Mgorithms v OpenMe ¥ Canadav UFZv Google Maps

[ - | Find addres:

@)
e Request by Drawing on Ma

Request ID*
-1

User Email*

mleahy@esri.ca

User ID*

mleahy

Bounding Geometry®
A = o « ¢ » 0

Forecast Products / Variables

| REPS.DIAG.24_PEMM:ERSSTD || REPS.DIAG.24_T8:ERGE30

| REPS.DIAG.24_RNMM:ERGE15

| REPS.DIAG.12_PRMM:ERGE15 [ | REPS.DIAG.12_SNMM:ERC25
| REPS.DIAG.12_PEMM:ERGE100 || REPS.DIAG.24_FRMM:ERC90
| REPS.DIAG.12_UVMX:ERC100
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Wikipedia
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Front End View

edu.maps.arcgis.com ]

UW~ Algorithms v OpenMe ¥ Canadav UFZv GoogleMaps Wikipedia Heatmap CS Basictmux T..SH - YouTube PA-DDS Functions  HPC Python Course

[ - ‘ Find addres:

o |

Request by Drawing on Ma

| REPS.DIAG.12_FRMM:ERCS0 [_| REPS.DIAG.24_HMXX:ERGE25

| REPS.DIAG.6_RNMM:ERGE40 [ | RDPS.ETA_TD

| REPS.DIAG.24_FRMM:ERGE100 || REPS DIAG.6_PRMM:ERC25

| RDPS.PRES_TT::925 || REPS.DIAG.6_SNMM:ERC75

[ "] REPS.DIAG.24_HMXX:ERGE38 [ | GDPS.PRES_GZ::1000

| REPS.DIAG.12_SNMM:ERGE25 | | RDPS.ETA_TT

|| GDPSETA IS5 | GDPS.ETA I4 [ | GDPSETA I3

| GDPS.ETA_I2 | | GDPS.ETA_I1 [_| GDPSETA_IO e

| GDPS.ETA_FR [ | REPS.DIAG.24_SNMM:ERCO i i S
| REPS.DIAG.12_PEMM:ERC50 [ | REPS.DIAG.6_PRMM:ERC100 CERMANY

f\ GDPS.ETA_I8 - UKRAINE

FPRANCE

GREENLAND

SWEDEN iy rann

HORWAY

Forecast Window*
TTALY

CREECE TURKEY
Start Time*

1412017 -~ 00:00:00 At ]
Fs o ALGERIA LIEYA

End Time* § A HARA
1/1/2018 - 00:00:00 AL S .,
CHAD

e MIGERIA
Help VENEZUELA

A
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Groups Support tcram

Transfer Files = Activity Manage Endpoints  Dashboard

Transfer Files Get Globus Connect Personal

':’_;[I.t:b{.\f_: [T ‘H".e, Turn your computer into an endpoint.

data for Yo
Endpoint = rda#datashare . u Endpoint = tcram#cisl-toulon.scd.ucar.edu Go

Path = /ds084.4/2015/201502/ Path = /~/datasets/ds084.4/ Go

selectall |[none t_ up one folder . refresh list - selectall |[none t_ up one folder C, refresh list =

£ gdas1.sflux.2015022200.f00.grib2 160.70 MB & gdas1.sflux.2015022200.100.grib2 23.75 MB
R gdast sfiux 201502220003 grib2 16471 MB | | B gdast sfiux.2015022200.103.grib2 14.75 MB
) B gdas1 sflux.2015022200.106 grib2 165.58MB | | B gdast.sflux.2015022200.106.grib2 27.75MB

o bjow sulpwait B gdast sfiux.2015022200.109.grib2 16558 MB | | B gdast.sfiux.2015022200.109.grib2 30.00 M8
B gdast sflux.2015022206.100.grib2 162.98 MB

gdas? sflux.2015022206.03.grib2 167.60MB

reqpest e Globug notifles § gdas1 sflux. 2015022206 {06.grib2 167.60 MB
wow tnee Hhe E gdast sflux 2015022206.109 grib2 167,60 MB

iy & gdast sflux.2015022212.100.grib2 163.65 MB
gm""“"_'p” = : gdast sflux 2015022212 103 grib2 168,36 MB
comaplete E gdast sflux 2015022212.106 grib2 168.36 MB
B gdasi sflux 2015022212109 grib2 168.36 MB
B gdasi sfiux.2015022218.100.grib2 162.47 MB
E gdast sflux.2015022218.103 grib2 166.04 MB
R gdasi sflux.2015022218.106 grib2 166.04 MB
B gdast sfiux.2015022218.109.grib2 166.04 MB
E gdasi sflux.2015022300.100.grib2 161.19MB

B oot ofie 201 072 ariho 185 99 040

& Traun, f;«('_' ar

Source: globus.org




Back End

— Workflow -

Task 1: Import new data to database Task 2: Process data for user requests

N
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Back End

— Workflow -

Task 1: Import new data to database Task 2: Process data for user requests

Check for new/changed data

(Pegasus)

Retrieve data
(Pegasus = Graham)

Convert to NetCDF

Merge forecasts

(one file per prod./issue/ens. member)

Transfer to archive ¥
(Graham => CaSPAr) FloodNet
NSERC




Back End

— Workflow -

Task 1: Import new data to database Task 2: Process data for user requests

Check for niw/cf)\anged data Extract info from frontend :
egasus

~ A -

Retrieve data

(Pegasus - Graham) Queue request

Convert to NetCDF Crop domain/var./time

Merge forecasts

(one file per prod./issue/ens. member)

e Transfer to archive | Move to download location
(Graham - CaSPAr) e
22 — ‘T_-_=-:r—:_’_.__ NSERC

Compress data




Back End

— Some scenarios and their timing —

Task 1:
Import new data
to database

W Retrieve data

M Convert & Merge NetCDF (seq.)

Reforecast ,
H Transfer to archive (seq.)

0.1 10
Log comp. time [min/day]

Y
FloodNet
NSERC

1000

0.001



Back End

— Some scenarios and their timing —

Task 1:
Import new data
to database

W Retrieve data

B Convert & Merge NetCDF (par.)

Reforecast _
M Transfer to archive (par.)

0.1 10
Log comp. time [min/day]

Y
FloodNet
NSERC

1000

0.001



Back End

— Some scenarios and their timing —

User request #1: . . Task 2:
GEPS Comp. time [min] TR
1 variable 0.0 request
1 day
21 ensemble members

M Extract domain/var./time (seq.)

B Compress data

u Move to download dest.

43.7 min

1 file (153 MB) FloodNet
— NSERC




Back End

— Some scenarios and their timing —

User request #1: _ _ Task 2:
GEPS Comp. time [min] P
1 variable 0.0 request
1 day
21 ensemble members

M Extract domain/var./time (par.)

B Compress data

u Move to download dest.

IIIII

9.9 min

0 60°E 180° 60
0.004 0.008 0.012 0.016 0.020 0.024 0.028 0.032 0.036 %
Forecast: Specific humidity [kgkg '] .
1 file (153 MB
NSERC



Back End

— Requirements -

X ARMNLIB to convert FST format

v NetCDF library

v Climate data operators (CDO) library
v Python pgaon
v Fortran compiler \1 £~
X NetCDF operators (NCO) library
X NCAR common language (NCL)

B
.ne’rCDF

Fortran

Y
- FloodNet
NSERC
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Back End

— Some scenarios and their timing —

User request #2: . _ Task 2:
GEPS Comp. time [min] e T,
1 variable 0.1 request
1 day
21 ensemble members

M Extract domain/var./time (par.)

B Compress data

u Move to download dest.

17.9 min

0 60°E 180 60
0.004 0.008 0.012 0.016 0.020 0.024 0.028 0.032 0.036 %
Forecast: Specific humidity [kakg '] .
1 file (283 MB
NSERC



Back End

— Some scenarios and their timing —

User request #3: Comp. time [min] Task 2:
GEPS P- Process user

1 variable 0.1 request
ﬂ emble members

M Extract domain/var./time (par.)

B Compress data

u Move to download dest.

IIIII

19.2 min

0 60°E 180° 60
0.004 0.008 0.012 0.016 0.020 0.024 0.028 0.032 0.036 %
Forecast: Specific humidity [kgkg '] .
1 file (303 MB
NSERC



Back End

— Some scenarios and their timing —

User request #4: . _ Task 2:
GEP Comp. time [min] P
rocess user

0.1 request

a4y

21 ensemble members

M Extract domain/var./time (par.)

B Compress data

u Move to download dest.

IIIII

38.7 min

0 60°E 180° 60
0.004 0.008 0.012 0.016 0.020 0.024 0.028 0.032 0.036 %
Forecast: Specific humidity [kgkg '] .
1 file (629 MB
NSERC
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