An integrated operational forecast system for coastal, fluvial, and pluvial flooding in the San Francisco Bay area a USGS

science for a changing world
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Motivation CoSMoS set up: DELFT3D FM MODEL Fluvial-Coastal Coupling Improves Inundation Mapplng

Coupled Water Level (Delft3D-FM) and Wave o6 oA S e - os RO Bt ' 5
Model (SWAN) _ |

Accurate and timely flood and precipitation
information 1s critical for making emergency-
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response  decisions  regarding  public  safety,

=
-

40m

Offshore Boundary

e Astronomical Tides

infrastructure operations, and resource allocation.
Accordingly, the California Department of Water
Resources has funded the development of a state-of-

311119 02114119 02/17i19 3:5m

B2 o
E’efa
L]

21118 02/14/19 0211719

. NOAA 9414863 Richmond NOAA 9414523 Redwood City
b Ad 1 e Precinitat  Sea Surface Anomalies from Global Water Level 07 ' ' 06 ' ' 8
-ar n uantitati recipitation os | -
the-art Advance Quantitative | ecipitatio Forecast System (HYCOM) o . i
Information (AQPI) system to provide near-term wessres | B0 5
L . . * Offshore Wave Parameters from Global Wave ~ = -0 Avesgea| % 5, -
precipitation and flooding forecasts using an | 5o 0
; . . Model (WaveWatchIII) ? 02 >
integrated observation and modeling framework for o1 |
: . . 02.?11!"!9 02 1]4-'19 UE.I"II?J"IB 02.?1 119 DZ.l'lld.l"lEi 02;"1‘]"-’19 &
the San Francisco Bay area. The main goals of this
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nowcast high-resolution precipitation with cutting-
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edge radar technology, and forecast watershed and
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coastal flooding up to 72 hours in advance. This
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presentation focuses on the most downstream model
in the AQPI framework, which is based on the

, : oo Figure 6. Similar to figure 5, but with tides removed, so the water level
USGS’s Coastal Storm Modeling System (CoSMoS: HetlinkTypeiS310/20) - ' [ ’ ’ i
usgs.gov/cosmos) 52 ( Figure |. Bay area locations Bl — NetiinkType = 4 (10/20) i * Surface Wind Velocities (HRRR) shown is the Non Tidal Residual (NTR) for the February 2019 storm.
e ' experiencing flooding in the . : : — i o Precipitation (HRRR .
P 8 8 Figure 3. Entire domain of coastal model. i ( )

This forecast model performs well at predicting the NTR throughout the bay. These

recent past. » : : . :
: results show that the model becomes more sensitive to river discharge forcing |

CoSMoS 1s a physics-based numerical modeling system for assessing coastal hazards from the combined effects of tides, rivers, storm
surge, and waves. In particular, the USGS is using the Delft3D-Flexible Mesh Suite, developed by Deltares, that enables 1D /2D coupling
and efficient and reliable modeling. Delft 3D —FM, a shallow water flow solver, is implemented in two dimensions on the unstructured grid
shown here in blue and in 1 dimension along the channels shown in red. The model domain extends ~20 km offshore of the coast and

extends from Point Reyes in the north to Montara in the south. There are 18,4379 2D grid cells and 2,425 1D profiles defined. The 3
forcings applied to the operational model are shown in the list on the rlght although the ones in grey are stlll under development for 5

further away from the ocean inlet (Golden Gate). Therefore, having higher temporal
resolution discharge data is essential to predict the NTR accurately near the Delta,
highlighting the importance of accurate discharge forecasts.
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On the right, we see a close up of how
the 1D /2D coupling is implemented in
the mesh.

The 1D channels (Netlink 1, red) are
connected to 2D mesh structure (Netlink
2, blue) through either a NetLink 3
(purple) or a Netlink 4 (green). The
Netlink 3 is activated when the river
water level 1s higher than the levees or
river banks and transmits water out of
the channel to capture inland flooding.
This Netlink does not transfer
momentum. Netlink 4 distributes
momentum between the channels
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Figure 8. Water depth during a high discharge event where the
Petaluma River meets the bay. A) River discharge provided by
historical daily averaged values. B) River discharge from forecast
I5 minute values.

30m — SR-121 @ SR-12 is flooded...again! Too much water
flowing south in Sonoma County. Take alternate routes.
@CHP_GoldenGate @sonomasheriff @CaltransD4
@CALFIRE_PIO @sonomanews @CHPSantaRosa
@CHPMarin #NorthBay #rain
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Accurate discharge peaks and durations are important in predicting not only

the water level but also the extent of inundation (Figure 8) The inundation
extent 1s much larger (Figure 8 B) when the peak of the discharge is more
accurately represented. Capturing these extents is important for assessing

Figure 2. Locations of bay area partners with whom we are partnering in
development of AQP1/CoSMoS products.

Figure 7. Water depths during a storm event with red circles

As part of AQPI, CoSMoS incorporates the nowcast precipitation, winds, and pressure depending on the direction of the link highlighting the ability of our model to predict road inundation.The road hazards like water level on roads (Figure 7).
from the NOAA’s High—RCSOlutiOﬂ Rapld Refresh (HRRR) atmospheric model, as well as and flows bidirectionally between the 2D that experienced inundation in our model was confirmed by twitter.

fluvial discharges from NOAA’s watershed model (National Water Model). The coupled and 1D mesh. wely Bn

model forecasts the start, duration, and maximum water depth of flooding for areas in the The results show that the accuracv of A AT e ———— :

zone of coastal influence within the nine counties that comprise the San Francisco Bay this system 1s as good or better th}zlm \/ | = Ez::zgﬁ ;;gg | F Utu re work

area. By integrating this complex set of models and incorporating the best possible qsing only 2D mesh system while saving ., S — NetlinkType = 3 (1D/2D) | Our ultimate ooal is to create a

observations to create operational forecasts, the AQPI system represents the next significant computation time. <e8Saut®s | —felinkfype=44U0020) | 5

seamless vulnerability forecast map
based on the three processes that can
drive flooding: rain, river flow, and
coastal water levels. Some of our
partners can currently use rain
forecasts coming from AQPI to
create floodplain inundation
forecasts (Figure 9). The National
Water Model is currently developing
a similar capability. In order to have a

generation of forecasting frameworks and will provide demonstrable benefits in the face of
hazardous flood conditions to communities across the bay area. Our partnerships with

local agencies are the driving force behind the development of the system. C O S M O S FO rec aSt Pe rfo rmance
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| . - i Comparison of the model results to the
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Figure 4 Close up view of how the ID channels are integrated with the 2D meh

Current operational performance
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QUVV Y , Bih gages during a storm in February 2019
shows that the model captured the storm
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process well. The set of tigures on the left . .
Atmospheric Model (HRRR) 45 minutes to 1.5 hours . R | d T | shows the raw water levels as observed and comprehenswe . understanding  of
g f ,_ : g | g \ A\ . . vulnerability during an event we need
S 5 Ny all n [l as predicted by CoSMoS. The dashed lines . . .
, E— VA | | el Its: blue li b el to combine the coastal 1nundation
National Water Model 1.5 to 2 hours Syl LUV | are model results; blue lines show mode mapping with the hydrologic model
£, | E ,. , results forced with historical daily avera.ged \ h predictions. These can then be Bridge Crossings
DELFT3D -FM 30 minutes e river discharge, and the red dashed lines Figure 9. Example of hydrology (watershed) combined with 1mportant features
y NOAA 9415102 Martinez-Amorco Pier y NOAA 9415144 Port Chicago were forced with forecast 15-minute model pI‘OdUCEd flood plain inundation in like the one shown in Figure 10 to Figure 10. Examp'e of |a_ye|~s necessary for
Waves 30 minutes to 1 hour g : g T ,discharge. The model results are better the upstream areas, from our partner Valley Water. understand the potential impact of  evaluating flood vulnerability.
2o S AT ' | closer to the ocean they are, and they are an event.
3 o Tl . . .
Eftective Coastal forecast length 15 to 16 hours o S o} ¥ also less sensitive 1o ﬂ.qe d1scharge forcing,
_1 | Vo _1_ | | Storm surge is shown in Figure 6. QUESTIONS?
Figure 5 Comparison zf |° bserl‘; ec;c‘l"a::‘e';llﬁvels)(red solid line) and Further questions can be directed to Liv Herdman lherdman(@usgs.cov or Babak Tehranirad btehranirad(@contractor.usgs.cov
model results (dashed lines). = S=S
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