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Scientific Discovery through Advanced Computing
(SciDAC)

▶ Started in 2001 (1st)

▶ Re-competed in 2006 (2nd), 2011 (3rd), 2017 (4th), and 2022 (5th)

▶ Current SciDAC Institutes include:

1. FASTMath

2. RAPIDS

▶ Current SciDAC BER partnerships include 7 projects
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Compound Flooding (CF)
Compound events are described as (IPCC2012)

1. simultaneous or successively occurring (climate-related) events such as
simultaneous coastal and fluvial floods,

2. events combined with background conditions that augment their impacts such as
rainfall on already saturated soils, or

3. a combination of (several) average values of climatic variables that result in an
extreme event

Santiago-Collaz et al. (2019)
flooding via:

i. Precipitation (rainfall): Intense or prolonged precipitation can in-
duce surface runoff. Runoff moves from overland areas to a stream,
increasing the streamflow rate to a point that exceeds the channel
capacity and producing an out-of-bank flow (i.e. overbank flow)
that inundates the floodplain (Fig. 2).

ii. Storm surge: Storm surge is produced by high winds and low at-
mospheric pressure that drives oceanic waters to interact with the
local coastal geometry. The total water level is temporarily raised
and can penetrate inland to inundate the floodplain.

iii. Compound Flood: A combination of both mechanisms (i.e. rainfall-
runoff and storm surge) that can occur simultaneously or in close
succession, commonly referred as compound flooding (Bilskie and
Hagen, 2018; Ikeuchi et al., 2017; Kumbier et al., 2018a; Paprotny
et al., 2018; Saleh et al., 2017; Wahl et al., 2015; Ward et al., 2018;
Zscheischler et al., 2018). Also, a compound flood can be produced
by other flooding mechanisms that are not considered here, such as
waves and tides (Blanton et al., 2018; Buschman et al., 2009; Comer
et al., 2017; Olbert et al., 2017; Orton et al., 2018). For example,
when both mechanisms (i.e. rainfall-runoff and storm surge) occur
simultaneously, there is an increase in the flood hazard due to the
combined effects of high river flow rates and elevated sea levels at
the river outlet (e.g. estuarine or tidal river) (Erikson et al., 2018;
Hubbert and McInnes, 1999; Ikeuchi et al., 2017; Maskell et al.,
2014; Svensson and Jones, 2004; Tromble et al., 2010; Wahl et al.,
2015). Therefore, storm surge and rainfall-runoff in coastal water-
sheds are not necessarily mutually exclusive hazards (Christian
et al., 2015; Karamouz et al., 2017b; Torres et al., 2015).

Since the early 2000s, studies have investigated the probability of
storm surge and rainfall-runoff occurring simultaneously or in close
succession. These studies highlight that these flooding mechanisms are
present over different length scales, such as local scale (Kew et al.,
2013; Klerk et al., 2015; Svensson and Jones, 2004; Thompson and
Frazier, 2014; Zheng et al., 2014), continental scale (Moftakhari et al.,
2017; Paprotny et al., 2018; Wahl et al., 2015; Zheng et al., 2013) and
global scale (Ward et al., 2018). They depend on watershed properties,
such as location and size. For example, Hurricane Florence (2018)
produced a catastrophic flood in North Carolina (US), which was in-
duced by intense and prolonged precipitation and high levels of storm
surge that blocked the streamflow towards the estuaries (Almasy et al.,
2018; Elliott, 2018). Therefore, it is critical to quantify the dependence
between the flooding mechanisms (Bilskie and Hagen, 2018; Zheng
et al., 2014).

As the effects of carbon emissions shape the Earth's climate it is
possible that extreme weather events and their compound effects will
become more severe and frequent through increased sea levels
(Bhaskaran et al., 2014; Bilskie et al., 2019; Ge et al., 2014; Karamouz
et al., 2017a; Passeri et al., 2015b; Smith et al., 2012; Sweet and Park,
2014), river discharges (Paprotny et al., 2018; Zscheischler et al.,
2018), and extreme precipitation (Chen et al., 2013; Feng and
Brubaker, 2016; Karamouz et al., 2015; Wang et al., 2013). Observa-
tions indicate that hurricanes are expected to become stronger and

Fig. 1. Flooding mechanisms generated by a tropical cyclone event in a coastal
watershed. A) Illustration of the initial conditions and B) illustration of the
conditions during the tropical cyclone-driven flooding. The initial condition
serves as a reference for visualizing the inundated area along the coastline due
to the tropical cyclone. Each colored arrow represents a different flooding
mechanism. (For interpretation of the references to color in this figure legend,
the reader is referred to the Web version of this article.) Fig. 2. Flooding mechanism produced by an extreme precipitation event at a

riverine floodplain. A) Illustration of the initial conditions and B) illustration of
the conditions during the extreme precipitation event. The initial condition
serves as a reference for visualizing the inundated area along the floodplain due
to the out-of-bank flow. Each colored arrow represents a different flooding
mechanism. (For interpretation of the references to color in this figure legend,
the reader is referred to the Web version of this article.)
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CF and Its Impacts Pose a Significant Threat to Human
and Natural Systems

June 10, 2022

Crowin Springs, MT

Previous peak, 1918

- June 10-13, 2022, an 
atmospheric river event struck 
Yellowstone National Park.

- 2-3 inches of rain, combined 
with warm overnight 
temperatures, melted large 
amount of snow, resulting in 
historic flooding

https://www.usgs.gov/observatories/yvo/news/how-might-devastating-june-2022-floods-and-around-yellowstone-national-park
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CF and Its Impacts Pose a Significant Threat to Human
and Natural Systems

www.nature.com/scientificreports/
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of precipitation during EENE (height times larger than during normal years) and produces 26 Mt/yr and 44 Mt/
yr of suspended sediment !ux in 1982–83 and 1997–98, respectively, instead of 4,4 Mt/yr during normal year 
(Fig. 4). #is is also supported by the observation that catchments in north and central Peru with a concave up 
hypsometric curve, associated to extended and relatively !at alluvial plains downstream, have a more pronounced 
response to EENE than catchments in the south with a concave down hypsometric curve, that display steeper and 
smaller alluvial plains downstream. #is illustrates the likely role of the topography to modulate the sensitivity of 
outgoing sediment !uxes to climatic changes.

Temporal impact of Extreme El Niño events on sediment transport. In agreement with 
Tarras-Wahlberg and Lane37, extreme rainfall and !oods may occur in ENSO-neutral years and are related to 
annual oscillations in the InterTropical Convergence Zone (ITCZ). However, their assumption that other climate 
factors have more in!uence than EENE in causing above-average annual precipitation and !oods in northern 
Peru is not veri$ed in the historic Q series over the past 40 years (Fig. 6a,b). Cumulative water discharge in 
northern Peru increases linearly over time, with two sharp increases in 1982–1983 and 1997–1998 (Fig. 6a). Both 
altered the original progression of cumulative water discharge and contributed more than 20% of it over the 40 
years (Fig. 6a). In contrast, cumulative water discharge in central and southern regions steadily increases, with 
multiple small breakpoints; one occurred in 1997–1998, but none was observed in 1982–1983 (Fig. 6a). Several 
extreme daily water discharges were observed from 1998–2000 in central Peru, and from 1974–1977, 1983–1986 
and 1993–1994 in southern Peru, which seem in!uenced by local climate conditions that developed over days to 
weeks (Fig. 6b). Extreme rainfall and !oods occurred during ENSO-neutral and La Niña years, but these events 
are isolated, di%erentiating from those observed during EENE.

Cumulative SSY in northern Peru shows two breakpoints, with sharp increases during EENE in 1982–1983 
and 1997–1998 accounting for 45% of total cumulative SSY (Fig. 6a). Cumulative SSY has linear trends in central 

Figure 5. (a) Spatial distribution of suspended sediment !ux during extreme El Niño events. Black bars 
represent historic sediment !ux at each station, while red and blue bars represent sediment !ux during the 
1982–1983 and 1997–1998 extreme El Niño events, respectively. Each cube on the bar represents the sediment 
!ux transported over 10 normal years. (b) Mean cumulative precipitation amount from January-April (1999–
2012) without the EENE period (January-April 1998). Strong gradients are observed from East to West along 
the Andes. Circle size and the adjacent number indicate the sediment discharge and its percentage of annual 
SSY, respectively, from January-April (1999–2012). (c) Spatial precipitation patterns during the EENE period 
(January-April 1998). Circle size and the adjacent number indicate the sediment discharge and its percentage of 
annual SSY, respectively, from January-April 1998. #e map was generated using ArcGIS for Desktop 9.3 (www.
esri.com/so&ware/arcgis).

www.nature.com/scientificreports/
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weather patterns e.g.17,27. In Peru, daily precipitation is more frequent and stronger during EENE years than dur-
ing normal years45. !ree sub-regions with di"erent precipitation patterns during EENE were observed in north-
ern, central and southern Peru46. !e most pronounced e"ect of EENE on precipitation occurs in Northern Peru, 
which experiences an easterly wind-driven monsoon in the mountains and intermittent westerly wind-driven 
intense precipitation events on the Paci#c coast. Consequently, catastrophic $oods occur in the eastern equatorial 
region of Ecuador and northern Peru. For example, the Sechura desert (4.5–7°S) receives up to 4 m of precipi-
tation from December-June during EENE, while it receives almost no precipitation during the same period in 
normal years47.

Sediment flux data analysis on the western Peruvian Andes. !is study compiled an unpublished 
hydro-sedimentological dataset from 20 watersheds (Fig. 1). Hydrologic stations have basic equipment, such as 
limnigraphs/limnimeters, to record hourly water levels. Daily to monthly stream gauging has occurred since 
1968 to monitor changes in the calibration curves and to calculate hourly water discharges. Daily average SSC 
samples are available from 1972 to 2012. Long-term data series include the EENE of 1982–1983 and 1997–1998 
(Table 2), yet some hydro-sedimentological stations have no information during EENE (Supplementary Table 1). 
Nevertheless, SSC samples at each station include extreme water discharge peaks, those considered above 95th 
percentile of the historic Q time series48 (see shaded areas in the Supplementary Fig. 2). Estimate of SSY uncer-
tainty due to the infrequent sampling of SSC was based on Morera-Julca, et al.49. !ey indicate that a daily SSC 
sampling identi#es annual and seasonal sediment $ux cycles in the study area. Because the SSC dataset includes 
some temporal gaps, we rely our analysis on the use of sediment rating curve (SRC) to complete the time series 
(see Dataset and Data Analysis section).

Distribution of monthly averaged SSC and Q for each station shows two marked patterns, one with a 
power-law univocal relationship and one with a clockwise hysteresis loop (Supplementary Fig. 1). Univocal 

Figure 1. (a) Suspended sediment yield (SSY) data along the Andes Mountains. Circle centres indicate the 
locations of hydro-sedimentological stations, while their size is proportional to the SSY. Red and lead circles 
represent data from this study and the literature29–38, respectively. !e black dotted line separates the Paci#c and 
Atlantic watersheds. (b) Location of the 20 studied stations/watersheds in the northern, central and southern 
Peruvian Andes. Watersheds are numbered generally from north to south, according to Table 1. Topography 
is based on the Shuttle Radar Topography Mission (SRTM) digital elevation model (DEM) with a 90 m × 90 m 
resolution. (c) Studied catchments with concave up (blue background) or concave down (gray background) 
normalized hypsometric curves are located in North (3–7°S) and South (7–18°S) Peru, respectively. !e map 
was generated using ArcGIS for Desktop 9.3 (www.esri.com/so&ware/arcgis).

Morera et al. (2017)

www.nature.com/scientificreports/
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Because of the obtained SRC, coe!cient a and parameter b, relationship between water and sediment dis-
charge, we expect that EENE in"uences sediment discharge as well. #erefore, we apply the same statistical 
method to assess the impact of EENE on river sediment discharge (Fig. 2b). For all the catchments, the frequency 
of low sediment discharge events follows similar behaviours, and does not change signi%cantly when comparing 
normal with EENE periods. #e frequency of high sediment discharge events is signi%cantly impacted by EENE, 
with a higher proportion of large events, especially in northern Peru. Yet, even some stations located in central 
Peru (i.e. Socsi) also display a signi%cant change in the frequency of high sediment discharge.

Code

Climatology and Hydrology Sedimentology

TRMM 
(1998–
2012)

Runo! 
Without 
EENE

Runo! 
1982–
1983

Runo! 
1997–
1998

Water 
discharge

SSY  
(t/km2/yr) Variant I

Variant II (lower 
segment)

Variant II (upper 
segment)

Variant III (lower 
segment)

Variant III (upper 
segment)

(mm/yr)
(l/
km2/s)

(l/
km2/s)

(l/
km2/s) (m3/s)

Without  
EENE Historic a b r2 a1 b1 r1

2 a2 b2 r2
2 c1 d1 r1

2 c2 d2 r2
2

1 671 13.2 81.5 — 11.7 347 763 3.10 0.96 0.43 5 −0.79 0.02 1.3 1.19 0.57 — — — 11.1 0.69 0.61

2 757 23.0 116.3 82.8 116.1 482 1941 6.18 0.77 0.43 40 0.13 0.01 1.6 1.05 0.44 61 0.07 0.01 43.4 0.58 0.51

3 1076 15.1 42.8 27.8 39.5 638 1027 10.30 0.93 0.46 60 0.24 0.02 0.8 1.56 0.48 102 0.19 0.05 0.5 1.34 0.41

4 629 9.5 42.2 48.7 137.5 309 1039 6.42 0.84 0.50 12 0.58 0.09 6 0.84 0.43 70 0.03 0.01 20.9 0.68 0.39

5 1058 23.8 52.6 53.7 107.8 499 — — — — — — — — — — — — — — — —

6 896 8.8 35.7 42.5 135.4 11 162 3.23 0.48 0.20 7 0.28 0.03 1.6 0.62 0.26 20 0.05 0.01 6.7 0.42 0.25

7 781 5.1 34.4 28.8 100.9 260 431 2.99 0.98 0.68 232 −0.67 0.04 2.5 1.02 0.68 71 −0.08 0.01 30.9 0.68 0.62

8 679 6.0 33.4 38.2 34.1 732 1078 58.27 0.54 0.54 83 0.23 0.08 4.7 1.16 0.70 111 0.36 0.20 8.6 1.13 0.26

9 578 2.4 — 41.0 18.4 426 967 18.92 0.55 0.18 68 −0.02 0.01 0.12 1.65 0.44 110 −0.15 0.01 0.19 1.63 0.37

10 578 5.7 47.8 60.1 54.7 193 3069 7.80 1.01 0.66 29 0.59 0.06 2.6 1.23 0.71 197 −0.04 0.01 14.0 1.03 0.53

11 760 8.4 — 26.2 28.4 608 1100 10.45 0.84 0.63 22 0.33 0.16 0.1 1.90 0.72 40 0.11 0.03 17.3 1.01 0.56

12 699 7.2 18.0 23.5 26.8 404 2279 0.43 1.75 0.50 7 0.79 0.02 0.2 1.95 0.45 68 0.29 0.04 5.4 1.39 0.36

13 835 18.4 — — 20.0 321 — 8.72 0.92 0.51 21 0.42 0.03 6.5 1.00 0.43 100 0.24 0.06 39.5 0.67 0.25

14 658 9.0 — — 28.1 1925 — 32.19 1.20 0.75 87 0.80 0.14 18.3 1.40 0.70 607 0.18 0.03 561.0 0.75 0.61

15 1032 17.8 17.0 39.1 89.3 846 1181 0.13 1.75 0.74 1 1.18 0.07 0.1 1.86 0.67 81 0.12 0.01 8.1 1.22 0.61

16 835 13.0 17.7 21.5 140.0 1350 1659 0.56 1.47 0.78 44 0.37 0.02 0.1 1.83 0.72 23 0.06 0.01 30.0 0.98 0.51

17 914 15.9 — — 114.1 594 — 0.48 1.38 0.71 5 0.78 0.23 0.01 2.08 0.54 93 0.04 0.01 23.1 0.85 0.62

18 638 8.2 8.5 13.3 50.1 137 203 3.79 1.15 0.29 21 0.53 0.02 1.2 1.41 0.12 152 0.25 0.04 80.6 0.72 0.17

19 620 5.3 — 9.4 106.0 148 419 0.01 1.94 0.58 120 −0.61 0.01 0.001 2.47 0.62 12 0.07 0.01 7.9 0.94 0.67

20 327 1.2 — 2.75 4.1 123 179 90 1.30 0.52 211 0.57 0.08 8.1 2.19 0.43 346 0.42 0.07 137.6 1.62 0.66

Table 2. Quantitative analysis of the observed climatology, hydrology and "uvial sedimentology of the 
monitored watersheds. “Historic” indicates that the entire database was considered. “Without EENE” excludes 
the period 1 September 1982 to 31 August 1983 and 1 September 1997 to 31 August 1998. a, a1, a2, c1, c2 and b, 
b1, b2, d1, d2 are the constant and exponent in equations (1), (2) and (3) (see Dataset and Data Analysis). Bold 
number indicate the chosen SRC variant.

Figure 2. Normal-log plot of the Cumulative Density Function (CDF) of daily (a) water discharge and (b) 
suspended sediment "ux (Qs) both normalized to historical average time series along the west central Andes. 
Grey lines were estimated from historic series without EENE periods; and coloureds lines were estimated just 
for EENE periods.
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Because of the obtained SRC, coe!cient a and parameter b, relationship between water and sediment dis-
charge, we expect that EENE in"uences sediment discharge as well. #erefore, we apply the same statistical 
method to assess the impact of EENE on river sediment discharge (Fig. 2b). For all the catchments, the frequency 
of low sediment discharge events follows similar behaviours, and does not change signi%cantly when comparing 
normal with EENE periods. #e frequency of high sediment discharge events is signi%cantly impacted by EENE, 
with a higher proportion of large events, especially in northern Peru. Yet, even some stations located in central 
Peru (i.e. Socsi) also display a signi%cant change in the frequency of high sediment discharge.
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2 757 23.0 116.3 82.8 116.1 482 1941 6.18 0.77 0.43 40 0.13 0.01 1.6 1.05 0.44 61 0.07 0.01 43.4 0.58 0.51
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Figure 2. Normal-log plot of the Cumulative Density Function (CDF) of daily (a) water discharge and (b) 
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Several Scientific and Computational Bottlenecks Exists in
E3SM for Studying CF and Its Impacts

▶ SB1: MOSART’s assumption about subgrid structure limits the finest mesh resolution
to be ≈ 5km

▶ SB2: MOSART’s existing physics has few limitations in accurately capturing CF events

▶ Backwater propagation occurs only along river network

▶ Instantaneous exchange of water between river channel and floodplain

▶ Lack of density-dependent flow

▶ CB1: Single discretization implementation does not allow for the evaluation of
numerical algorithms for solution accuracy and algorithmic scalability

▶ CB2: No support for heterogeneous computing architectures
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Project Objectives (POs)

E3SM

GPU

Support for heterogeneous
computing architectures

EAM

MPAS-O

MPAS-LI

MOSART

MPAS-
CICE

COUPLERELM

RDycore

▶ PO1: Develop a rigorously verified and validated river dynamical core (RDycore) for
E3SM to mechanistically model pluvial, fluvial, and coastal compound flooding and their
impacts on sediment dynamics and riverine saltwater intrusion.

▶ PO2: Develop computationally efficient and scalable RDycore and assess its
performance on heterogeneous computing architectures.

▶ PO3: Improve the predictive understanding of CF, SD, and rSWI due to the
simultaneous but uncertain occurrence of multiple drivers of floods in a changing
climate.
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Research Foci
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Project Achievements

1. Set up an open source repository for the RDycore library with an initial implementation
of the solver for shallow water equation and code verification was performed.

2. Identified and configured multiple models for benchmarking (OFM, PHIM3D,
TELEMAC-MASCARET) and driving (ELM) RDycore.

3. Extended E3SM-supported JIGSAW meshing library to new floodplain resolving ultra
high-resolution.

4. Completed an initial development in PETSc and libCEED, a numerical library for
higher-order FE methods, to support FV methods in libCEED.

5. Added RDycore within E3SM and performed short simulations on Perlmutter, Summit,
Crusher, and Frontier with RDycore using GPUs.

Codecov

Automated testing

Code verification
Github

Team member: Jeff Johnson Team members: Donghui Xu, Gautam Bisht
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Project Achievements

1. Set up an open source repository for the RDycore library with an initial implementation
of the solver for shallow water equation and code verification was performed.

2. Identified and configured multiple models for benchmarking (OFM, PHIM3D,
TELEMAC-MASCARET) and driving (ELM) RDycore.

3. Extended E3SM-supported JIGSAW meshing library to new floodplain resolving ultra
high-resolution.

4. Completed an initial development in PETSc and libCEED, a numerical library for
higher-order FE methods, to support FV methods in libCEED.

5. Added RDycore within E3SM and performed short simulations on Perlmutter, Summit,
Crusher, and Frontier with RDycore using GPUs.

OFM for simulating 
Houston Harvey flooding 

Team member: Donghui Xu

Task 1: Model Development
• Implement three alternative discretization of streams (1D, 2D (rectangular), 

2D (mesh))
• Implement three processes: Compound flooding, Sediment, and Salt Water

Intrusion. Assess the impacts of kinemaric, diffusion, and fully-dynamic 
wave equations on solutions.

Progress
• Resuscitation of PIHM3D on newer SUNDIALS solver. 
• Benchmarking data for Bellos experiment and Malpasset

dam break problem compiled.
• Different stream discretizations defined.

PIHM3D

• The Malpasset dam was located in Reyran
river valley, about 12 km upstream of 
Frejus.

• It was broken in Dec. 1959 due to the 
exceptionally heavy rain., which caused 
433 casualties.

• The simulation area is about 520 km2

• The water level in the reservoir was 100 m.

• In the downstream of the dam, the bottom 
is set to dry since the discharge is unknown 
and small compared to the flood wave

• The Manning coefficient is 0.033.

• The simulation is run to 2500 s on 26000 
triangles.

The Malpasset dam 
was located in Reyran
river valley, about 12 
km upstream of 
Frejus. It was broken 
on 2nd Dec. 1959 due
to heavy rain causing 
433 causalities

Malpasset
Dam
Break

PHIM3D for simulating 
Malpasset dam break

Team members: Mukesh Kumar, 
Ashwin Raman

ELM for simulating 
rain-on-snow in Sierra Nevada

Team member: Dalei Hao

TELEMAC-MASCARET for 
simulating sediment dynamcis

in the Amazon

Team members: Zeli Tan,
Dongyu Feng
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Project Achievements

1. Set up an open source repository for the RDycore library with an initial implementation
of the solver for shallow water equation and code verification was performed.

2. Identified and configured multiple models for benchmarking (OFM, PHIM3D,
TELEMAC-MASCARET) and driving (ELM) RDycore.

3. Extended E3SM-supported JIGSAW meshing library to new floodplain resolving ultra
high-resolution.

4. Completed an initial development in PETSc and libCEED, a numerical library for
higher-order FE methods, to support FV methods in libCEED.

5. Added RDycore within E3SM and performed short simulations on Perlmutter, Summit,
Crusher, and Frontier with RDycore using GPUs.

Team member: Darren Engwirda
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Project Achievements

1. Set up an open source repository for the RDycore library with an initial implementation
of the solver for shallow water equation and code verification was performed.

2. Identified and configured multiple models for benchmarking (OFM, PHIM3D,
TELEMAC-MASCARET) and driving (ELM) RDycore.

3. Extended E3SM-supported JIGSAW meshing library to new floodplain resolving ultra
high-resolution.

4. Completed an initial development in PETSc and libCEED, a numerical library for
higher-order FE methods, to support FV methods in libCEED.

5. Added RDycore within E3SM and performed short simulations on Perlmutter, Summit,
Crusher, and Frontier with RDycore using GPUs.

Team member: Jed Brown, Matt Knepley,
Antonio Rowie, Mark Adams
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1. Set up an open source repository for the RDycore library with an initial implementation
of the solver for shallow water equation and code verification was performed.

2. Identified and configured multiple models for benchmarking (OFM, PHIM3D,
TELEMAC-MASCARET) and driving (ELM) RDycore.

3. Extended E3SM-supported JIGSAW meshing library to new floodplain resolving ultra
high-resolution.

4. Completed an initial development in PETSc and libCEED, a numerical library for
higher-order FE methods, to support FV methods in libCEED.

5. Added RDycore within E3SM and performed short simulations on Perlmutter, Summit,
Crusher, and Frontier with RDycore using GPUs.

EAM

MPAS-O

MPAS-LI

MOSART

MPAS-
CICE

COUPLER

E3SM v2.0 - RDycore

ELM
RDycore

EAM

MPAS-O

MPAS-LI

MOSART

MPAS-
CICE

COUPLER

E3SM v2.0

ELM

Team member: Gautam Bisht
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RDycore: Initial Development and Verification

▶ Implemented first-order accurate space (FV) and time (explicit) discretization methods

▶ Works on both triangle and quadrilateral mesh

▶ Performed initial code verification for two previously published problems
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Development of Benchmarks: Houston Harvey Flooding

UMesh1 with dx = 30 [m] 
2,926,532 cells

UMesh2 with 200,719 cells UMesh3 with 57,098 cells

▶ Selected Overland Flow Model (OFM)

▶ Selected the Houston Harvey flooding event,
August 2017

▶ Spatially-homogenous, but temporally varying
precipitation forcing is applied

▶ A time-varying tidal stream outflow BC is used

▶ When coarsening the mesh, the simulation
efficiency increases, but accuracy decreases
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Development of Benchmarks: Sediment Dynamics

▶ Selected TELEMAC-MASCARET as the benchmark model

▶ Selected the Janauaca catchment in the Amazon as the study site

▶ Completed a 10-yr flow simulation with 8 inflow BCs and 3 open flow BCs

▶ Performed an initial 1-yr sediment dynamics simulation

Simulation of water flow dynamics Simulation of sediment dynamics
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Unstructured meshes: global-to-(sub)watershed scales...

Push E3SM unstructured meshing workflow (JIGSAW library) to new ‘ultra’ high-resolution
floodplain resolving levels.

Support additional boundary ‘labelling’ of geometry as well as XDMF/EXODUS file I/O, for
PETSc interoperability.
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PETSc and libCEED solver GPU/device portability

▶ Non-linear SWE: Xt = F (X)

▶ PETSc provides multiple time integration methods

▶ Portability provided with two options on most architectures:

▶ Vendor specific back-ends: CUDA, HIP

▶ Kokkos back-end: eg, CUDA, HIP, SYCL, and OpenMP

Programming
Model

Supporting Package GPUs (devices)

CUDA cuBLAS, cuSPARSE, Thrust NVIDIA
HIP hipBLAS, hipSparse, hipThrust AMD
Kokkos Kokkos, Kokkos-Kernels NVIDA, AMD, Intel

▶ libCEED has been extended for FV method to compute the F (X) on the device

▶ PETSc’s DMPlex has been extended to support libCEED’s FV method
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E3SM–RDycore Integration

EAM

MPAS-O

MPAS-LI

MOSART

MPAS-
CICE

COUPLER

E3SM v2.0 - RDycore

ELM
RDycore

EAM

MPAS-O

MPAS-LI

MOSART

MPAS-
CICE

COUPLER

E3SM v2.0

ELM

▶ A test implementation of E3SM–RDycore has been completed.

▶ PETSc and RDycore are installed before building an E3SM case.

▶ RDycore initializes a simulation, runs to completion, and shuts off.

▶ RDycore tested on GPUs: (a) NVIDIA (Perlmutter and Summit) and (b) AMD (Crusher
and Frontier).

▶ However, presently there is no exchange of information between ELM and RDycore.

▶ Exploited PETSc’s runtime configurability to solve SWE on CPU or GPU via:

▶ CPU : e3sm.exe

▶ GPU via Kokkos: e3sm.exe -dm vec type kokkos

▶ GPU via CUDA : e3sm.exe -dm vec type cuda

▶ GPU via HIP : e3sm.exe -dm vec type hip
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E3SM

GPU

Support for heterogeneous
computing architectures

EAM

MPAS-O

MPAS-LI

MOSART

MPAS-
CICE

COUPLERELM

RDycore

Thank you


