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Flood Forecasting Flood Early Warning

Modeling Mapping
Operational Real-time
Assimilation Nowcasting
Stage Inundation
Mods ALERT
Sub-basin Rain-on-Grid
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Flood Forecasting — In a Nutshell

Collect observations and translate into forecasts of to guide decisions...
forecasts of precipitation... hydrology...

FLOOD WARNING
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(hours to days)
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Rainfall-Runoff Models

Routing/Hydraulic Models
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Key Points — Ungauged Streams

past future

Gauges are not everywhere

» oauszed stream observed forecasted
i gaug streamflow streamflow
g simulated forecasted

"~ » ungauged stream streamflow streamflow

‘ Models can also fill data gaps
of current conditions
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Key Points — Soil Moisture

Soil Moisture 1. Continuous Soil 2. Event Modeling
" AL [ Moisture Accounting

.

0 Get most recent data o Get past and recent data

0 Run models with stored 9 Estimate initial conditions

states as initial cond.
9 Run models
9 Store model states

Every day, During
rain or shine events




Key Points — Sources of Uncertainty and Error

Observed RamfAIH Forecasted Rainfall
i .l I |I 1}

Initial conditions
Models Model structure
Model parameterization

¥

Observed Streamflow Forecasted Streamflow

Forecasted Inundation
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Who is
doing it?

(generating forecasts)
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Flood
Center

NWS - River Forecast Centers
NWS - National Water Center

US ACE — some districts

State agencies/entities

River basin commissions/authorities
Large hydropower operators

Cities/local governments

Private vendors



A Little History — River Forecasting at the NWS

River Districts Development
of NWSRFS
US Weather created
B Created system Distributed
ureau 13 River Forecast dded
Centers formed (gri (.a )
I modeling

1870 1890 1903 1940 1946 1960s 70s 80s 90s  00s 2015

! ! |

Flood division National Water

cKreated a?fter Ohio River ;Sgilt_ss:i q Center opens
ansas River flood Forecast Center _
formed modeling
Army Signal Service NEXRAD, gridded
Corps stream gauge analysis, extended
program begins forecasting
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Recent/Ongoing Advances

. Scale — forecasts ‘everywhere’
Methods — Al/ML

Use — Systematic verification
Uncertainty — Ensemble approaches
mpact — Rapid inundation mapping

Al
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1. Scale - High Resolution Operational Forecasts
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°§6’ - Ungauged tributaries

< Readily available, operational, with reliable
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e.g. Catawba Basin

» Ashevil

1 RFC forecast point—_

arlotte

» Spartanburg

Sumter Natlonal
Forest
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Lake James: February 6th, 2020, 10:00AM

| 262 | o016 | o004 | ooo | o022 | o004 | o042 | 180 | o005 0.0z |
GFS rainfall forecast (3-hr totals)
| 1.60 |
2.14 |
T HRRR rainfall forecast (1-hr totals)
| 12« | 1k | w | sk | a4 | 3 | 33 | 1ok | 10k 7l
|
— Actual peak inflow ~13,300 cfs @ 5pm
o Streamflow forecast ‘ensemble’
SmTm—— -~
Threshold e ———— _'_A:-"f ——— =
Feb & Feb 8 Feb 10 Feb 12 Feb 14 Feb 16
2020
Datetime (EST)
B MRP 02/06 1AM H HP B SRP 02/06 10AM —HF

—-— SRFA 02/06 10AM
—— MRF 02/06 1AM

—— SRF 02/06 10AM MXMRF 02/06 1AM —-= MEM1MRF 02/06 1AM

(in)

(in)

(ac-ft




2. Methods - Emerging Al

Flood Forecasting
Initiative
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2. Methods - Emerging Al/ML-Based Forecasts

Streamflow forecasts
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Long-Short Term Memory Recurrent Neural Network (LSTM RNN)

Fo(r)c(::l’ggs Hydrologic Reservoir Rﬁlcurrelnt Inflow
Observations Model Model Sl Forecasts

and Forecasts Network
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3. Use — Continuous, Systematic Verification

How “good” is my forecast?

e Depends on the event

e Depends on the location
e Depends on the use

* One eventis not enough

TVA River Forecast Center
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Components of a verification system
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Database

Archived Forecasts
Simulations
Observations

Organized by
- lead time

- flow magnitude, etc.
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Graphical visualization

&
Statistics

> MANY possibilities




3. Use — Continuous, Systematic Verification

* Learning from meteorology!
* Less used in hydrologic forecasting, particularly outside of NWS

Ohio River at Paducah Lead-time based statistics
54 e.g. 6-hour lead time
>3 , Forecast vs. Observed
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Observed ——2/18/2019 6:00:00 —— 2/18/2019 18:00:00 —— 2/19/2019 6:00:00 33621 . ® o //'
——2/19/2019 18:00:00 —— 2/20/2019 6:00:00 —— 2/20/2019 18:00:00 —— 2/21/2019 6:00:00 s 8
| I P
——2/21/2019 18:00:00 —— 2/22/2019 6:00:00 —— 2/22/2019 12:00:00 —— 2/22/2019 18:00:00 =
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(Source: TVA)
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3. Use — Continuous, Systematic Verification

KTRONICS

OWUP  TiME/SCORE

T1
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4. Characterizing Uncertainty —
Ensemble Forecasting Approaches

.' Observed RainfaJI
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Recap: Sources of Uncertainty 3

structure
odel parameterization
.| | Observed Streamfloy\/“camd Streamflow

Mapping Approach
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4. Characterizing Uncertainty —
Ensemble Forecasting Approaches

Assimilation

period TT—_

Streamflow

/ \ probabilistic
streamflow

Ensemble of possible streamflow scenarios
forecast

X

Current
Initial conditions
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4. Characterizing Uncertainty —
Ensemble Forecasting Approaches

MMEFS — Weather (Precip) Uncertainty

7 Day GFS Potential River Levels

Congaree River at Gadsden
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03/02/2020 06 UTC GFS Model
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HEFS — Total (Weather + Hydrologic) Uncertainty
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Caution: Official forecast may be updated after this graph is generated. % o
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New River at Galax, VA (GAXV2)
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5. Impacts — Rapid Inundation Mapping for Real-
Time Application

“SLIE” — Segmented Library of Inundation Extents

* Developed at the University of Kansas - FLDPLN
* Implemented for State of KS (underway)
* RTI developed utilities to use in real-time systems

e Up-front grid processing and modeling (e.g. steady)
* Handles ‘spillover’ flooding from multiple sources
* Accurate and FAST map development

* Allows extensive coverage

* Real-time animations




Including Spillover

-
\ _-="
-—-— "
R ) tributary
/ ' channel
: flow
flood , | i | divid . , !
source water surface — ! ; : ] | spillover
point . ! ! g ! | 1 flood depthl
! : ! ‘——i — E
I watershed flood depth ! | | IR S A . |
I boundary § | —_— L o
I ! 5 L — |
' / i — = |
I ; D —
I I' : ground surface — —— \ PIXEL ON —
Y / Splllo_ver ! <—\ e RIDGELINE ,
! ezielng FLOODWATER directions
! meets SOURCE PIXEL
! backfill OVER HERE
flood ! flooding
source
point

FRTI

IMTEENATIDRAL



“SLIE” Approach

* For different depths at each source pixel,
identify which pixels are inundated and by how
much — including due to spillover

* Store a database of grids for every source pixel

WIRTI



Backfill flooding-only approach

DTF map determined

using backfill flooding.

Note the erroneous
discontinuities.

These are caused by

ridgelines in the DEM.

= ]
\| Flow divides in
the flow direction
- =7 744// map/,("/ EE

© @ pointin floodplain

—trajectory to Mud Creek
Depth to Flood
™10 m
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Backfill flooding + Spillover approach (SLIE)

By backfill flooding and
allowing spillover flooding to
occur, the DTF discontinuity
problem is mostly resolved.

Ideal for real-time mapping

More versatile and accurate than
libraries for dynamically changing
conditions

Runs in minutes over large basins
and easily automated
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Onion Creek, TX 2013
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In Summary...
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forecasting is cool.

Lots of exciting
stuff going o

| A

Thank You!

Katie van Werkhoven
kvanwerkhoven@rti.org

www.rti.org/cwr
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