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Towards spatially and temporally
continuous hydrological forecasting

and some obstacles to clear on the way




enercly The case for continuous forecasting
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e Why three different sources of information? s it

S e e What happens where there’s no gauge?
-V "1:;:?2 = “"". ) Australian Government
{ gﬂ‘mi.; RS e Where might it actually get flooded? Bureau of Meteorology

im:nmms RIVER ' dhmpbell Toun '

I T B e What about soil moisture or crop water requirements?
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: — Is that so hard?
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S0 o, No — It's being done!
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Analysis & Assimilation Short-Range Medium-Range Long-Range

Cycling Frequency

Hourly Hourly Daily at 06Z Daily Ens (16 mem)

Forecast Duration

-3 hrs 0-15 hours 0-10 days 0-30 days

Forecast Latency (latency of external forcing data accounts for most of delay)

1 hour 1 hour 45 mins 6 hours 19 hours

Meteorological Forcing

MRMS blend/ HRRR/ Downscaled HRRR/RAP SRR MY Downscaled & bias-

RAP bkgnd. blend corrected CFS

Spatial Discretization & Routing
1km/250m/NHDPlus 1km/250m/NHDPlus 1km/250m/NHDPlus
Reach Reach Reach

1 km/NHDPIlus Reach

Assimilation of USGS Obs

Reservoirs (1260 water bodies parameterized with level pool scheme)
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NWM Streamflow Output Points (~2.7 mil)
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Current River Forecast Points (~3,600)
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Bl US National Water Model

National Water Model Streamflow Anomaly Guidance

Forecast valid for 2017-01-08 00:00:00 UTC
Model initialized at 2016-12-09 00:00:00 UTC

OWPIsio. LS ‘./\LL; | @

No anomaly Much below Below Normal Above Much above High
data normal flow normal flow flow normal flow normal flow flow

Current imagery displays data for stream order 3 and greater. Anomaly derived by
ison of NWM to NHDplus EROM monthly average streamflow.
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Bl US National Water Model

©&OWP i i foolsinummage-s
@-@ WATER ttp://water.noaa.gov/tools/nwm-image-viewer

National Water Model Experimental Image Viewer

The viewer below has been made available to view the pre-generated imagery depicting output from the National Water Model. For direct access to
the imagery shown in the viewer, visit the following location: hitp://www.nohrsc.noaa.gov/pub/stafifkeicher/WRFH_ppd/web/static_images/

Dataset: Forecast Type: Interactive Forecast Chart

Streamflow v Long Range

VInae Forecast Types
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http://water.noaa.gov/tools/nwm-image-viewer
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Inundation depth around Tuscaloosa (Ala.) for different river heights.
Estimated using a modified ‘Height Above Nearest Drainage’ (HAND) DEM
analysis method.

McGehee, Li & Poston, in: Maidment et al (Eds., 2016)



http://www.caee.utexas.edu/prof/maidment/NFIE/SI2016/SI2016Draft.pdf
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~ National Water Model
Version 1.0: Model Chain
(Long Range Configuration)
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| River flow in the Texas Gulf Coast Hydlrulaglc Region

http://www.geo.utexas.edu/scientist/david/rapid.htm
David et al. {(201x), in preparation

Streamflow routing: RAPID?

20%

NATIONAL COMPUTATIONAL INFRASTRUCTURE

Outflow / Python, NCI \

Inflow

80%

Muskingum

<

http://rapid-hub.org/



http://rapid-hub.org/
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ey Australia’s already being forecasted
GLOFFIS

[ ECMWF IFS (TIGGE) h / Hydrological Models \ D e l tCI fe 5

Ensamble Prediction System

% D:1 ?Sﬂgﬂﬂﬂmbggﬂm PCRaster Global Water Balance (PCR-GLOBWB) Enabling Delta Life
ys (8 Days - 2 Day delay as
forecasts retrieved from TIGGE archive) Lol L iaredty'ss P rral- B Wadel
32 km Resolution Kinematic Wave Model
\ o Layers describing canopy, snow cover, two soll layers & groundwater resenvoir

5 arcminutes Resolution (~10 km)

2 A sver Notwork
Global Ensemble Forecast PCELOPNE Rl N
System
21 Ensemble Members Rainfall-Runoff Model of the ANU
! — > Web interface
;-:E%';v% 5:?0';"“ F‘m'"uzﬂﬂ Based on the BoM Australian Water Resources Assessment (AWRA) model
i " ) Estimates water storage in three soil layers, shallow groundwater & streams
Incorporates HBY-8 snow module
i \\ 0.5* Resolution (~50 km) , Soon to be 5 km
River Network derived from NASA SRTM 90 m resolution
Global Forecast System digital elevation data and HydroSHEDS
NCEP GFS Deterministic Forecasts
10 Days, 13 km Resolution
¥S m Resal
Deltares River Routing Madel
. v \ Run at the resolutions of the Rainfall-Runoff Models /
r ™
Historical Forcing Delft-FEWS
Initial conditions derived from historical

|forcing; GFS-based and ECMWF-based

{control forecast taken from TIGGE

archive) Input and calibration datasets
Topagraphy, river network, soil type, land use, lakes, irigation, crop type

9 /

FIGURE 12 | Components of the Global Flood Forecasting Information System (GLOFFIS).
Emerton et al., 2016



http://onlinelibrary.wiley.com.virtual.anu.edu.au/doi/10.1002/wat2.1137/pdf
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ey Australia’s already being forecasted
GLOFFIS ” Deltares

KANKAKEE RIVER NEAR WILMINGTON, IL
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e few  Capacity

Forecasting systems are intricate, dynamic and bespoke.

We need to develop many more researchers and operational staff with the
necessary understanding of:

e NWP forecasts

e The hydrological core model(s)

e Forecast systems

e Forecast interpretation and delivery

.. and, since data assimilation is essential in automated forecasting systemes,
e Data assimilation techniques

e Weather and water and satellite observations & their errors

All combined in each individual!
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wod,  Data assimilation: satellite gauging

MODIS performance:58 percent

MODIS SGR 1444 (gauge GROC 5109200 lat.-15.95%, lon. 142.36") MSME=032 R = 075 R.=086
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GFDS performance:81 percent
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Van Dijk et al (2016) _ S Earth



http://onlinelibrary.wiley.com/doi/10.1002/2015WR018545/full
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e,  Forecasts are precious..

RARE

Forecasting PRECIOUS

National Reporting

..SO Why is
forecasting
research rare?

VERY HIGH VALUE

Analysis

Modelling

Integration

Sharing

Local reporting

Archiving

Quality assurance

T COMMON
Monitoring HIGH VALUE

source: Bureau of Meteorology
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a2, Our unis are spinning their wheels

90,000 -
75,000 -
60,000 -

45,000 - M CSIRO researchers (3736)

M Bureau of Meteorology (1663)
30,000 -

15,000 -

Universities should be able to multiply
Bureau and CSIRQO'’s effort in forecasting
by ca. 16 times.. but we don't

source: Bureau of Meteorology, CSIRO, Universities Australia
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= b, What's going on?

e Everyyear hundreds of clever academics and students waste
their talent and time on irrelevant projects

e There will always be competition for funding (sadly), but
there is unnecessary competition for knowledge and access.

e All of us - BoM, CSIRO, unis - are lousy at engaging and
collaborating widely and deeply.

There’s no more cake (?)
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2 ey Some ideas

1. Educate: documentation and training around BoMs forecasting
systems, for student coursework and for researchers (courses?
webinars?)

2. Prioritise: communicate the knowledge gaps and research priorities.

3. Testbeds: shared data and tools, at least for relevant case studies, that
mimic operational realities.

4. Joint supervision: a well-coordinated scheme for student projects co-
supervised by uni, BoM and CSIRO staff.

5. Community project: an Australian continuous water forecasting
system (Summer Institute? Hackathon?)

(discuss)
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