Assessment of Compound Coastal-Riverine Flooding Risks Under Climate Change

along the U.S. Coasts

Mahshid Ghanbari!, Mazdak Arabi!, Shih-Chieh Kao?, Jayantha Obeysekera?, and William Sweet* Sl
1Colorado State University, Civil and Environmental Engineering, 2 Climate Change Science Institute, Oak Ridge National Laboratory, 3Sea 'N::TUTE

Level Solutions Center (SLSC), Florida International University, 4 Center for Operational Oceanographic Products and Services, National
Oceanic and Atmospheric Administration

Introduction Materials and Methodology
Coastal cities are exposed to multiple flood drivers | e r, g ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- Step 2
. : = R . ' f sea levels and river dischar lon
such as extreme coastal high tide, storm surge, and | 1. Selecting datasetst(; >ea et féOaNaS er discharges along
. . : : | | Fee i Gy e coasta =
extreme river discharge. The interaction among e s 10000 : ——
these flood drivers may cause a compound flood . A | [ N el S “€ 8000 &l il
event that could exacerbate flood impacts and | | % 2. Selecting pairs of extreme values for compound coastal- % | s | I
cause huge social and economic losses | waser IV riverine analysis using the threshold-excess method 5 001 . - = © g 4o, g
. AQredonlnlet| L ot ° , o) : R D L )
: NOAA Station . | % 4000 ", | : _&F 5 =l cg 0
| e L ‘ : ¢ USGS Station 'i?i;? ' ' - """""""""" '''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' o . B et . . . =
Despite several recent studies on interaction | ;, /IIIWW 2 | 3.Quantifying Joint Return Period (JRP) of extreme sea levels E‘ 2000 s gt YO - B s g bl 817
between extreme sea levels and river discharges, a e R v - | andriverdischarges using the selected pairs N I U
. . . | ey & chenogd { o 195 1970 1990 2010 06 -055 -05 -045 -0.4
com prEhenS|Ve assessment of Impact of climate ~ 1 santaMonica = S 7' Time [year] Daily Mean Sea Level [m,MHHW]
. . . | In P A rr' C S
change on compound coastal-riverine flooding has | 4. Assessing JRP of floods exceeding both major coastal and Step 3
not been explored along the coastal U.S. This | Step 1 ___riverine thresholds under current and future conditions
research gap is important due to several reasons. | Y ‘ _____________________________________________________________________________________________________ S
- | T ORAN 5. Assessing changes in risk of failure (RF) over design lifetime Fyy (x,y) = C(Fx(x|6,), Fy (16, )16.)
First, climate change is expected to increase the | | S  Panp = 1= Fx(x"|6x) — Fy(y716y) + C(Fx(x*16,), Fy(y716,)16.)
level of compound coastal-riverine flood hazard | Future sea level rise and river discharge scenarios : JRP =
through higher extreme sea levels and river flows | e |ntermediate-Low and Intermediate sea level rise scenarios from Sweet et al.(2017) Step 5 Pinp
| e Ten-member ensemble streamflow projection derived from runoff simulated by Naz et al. (2016). The projected
Step 4 total daily runoff is simulated by the Variable Infiltration Capacity (VIC) hydrologic model forced with ten n
dynamically downscaled Global Climate Models (GCMs) from the Coupled Model Intercomparison Project phase 5 RF =1 — l_[ Fo(x*10Y) + Fo(v*10t) — ClIF. (x*10Y) Fo (v*|10E)|10E
Past And Projected Changes In Global Mean Sea Level 4 Y : . ( . ) P P Jectp (Fx(x"[6x) Y(y | y) [ x (x7]62), Y(y | y)]| c)
| (CMIP5) archive under the RCP 8.5 emission scenario. t=1 |
2D Extreme | () [
g Resuts Highlights
=y , Intermediate-high | ‘ﬁ =  The northeast Atlantic and western part of the Gulf coasts are
E 4 200 ¢ . goulfheast-htlanlic f ) f Q;' f . A : : : : 4
= e - | pplumy| R experiencing the highest compound major flood probability under
v tide-eauce crtallite — Charleston2 ? " ? v e p g g p J p y
£ o0s- ok ol ol MONTRETINNR § 100 sy @ i\“r o current conditions.
oo \ 2000 sea level : W L It \ ; \\\ ¥\ * However, future sea level rise scenarios show emerging high compound
0.5 l , l ; l l 3 Pt ot ; ; \\“ 4 =4 major flooding probability along the southeast Atlantic coast.
1800 1850 1900 1950 2000 2050 2100 | L!,C; e | sovetnont  Wboauiort  Wiminaton North SpitO | . "i; . . . . L
yea! e @ ° (st | * The impact of changes in extreme river flows is found to be negligible
5 N o,  Tewimbed g s in most of the locations except the southeast Atlantic coast. However,
S - Apalachicola* : regon Inlet* - compounda major coastal-riverine 11oodin ', . . . . . . .
@ - —— even in this region, its impact is considerably less than that of sea level
| 05 50 100 200 500  >1000 l . Th(? joint return period of compour.u?l major flf)oding rise
Second, a comprehensive bivariate flood hazard | Mo Cosstalleod Retum Period ] BERERAE Concideration of mtermedinte-low soa level rse | . |
. . The. relationship bejcwe'en the re'turn period of (a) Intermediate-low SLR : (SLR) scenario (2050), (b) with consideration of ° The CoaStaI cities along the SOUtheaSt Atlantlc coast are expeCted to be
assessment based on impact flood thresholds is | major coastal and riverine flooding based on @ It e o e (LR s . . . .
. | univariate.analysis and the corr(-esp(.)ndingjoin.t N T T R~ I(;Oesrg)]e(cl)av\i:cr?\::vosni?deeraeti(;lr?em(‘inte)zfr:]eer:ja;:t(;-low eXpOSEd to double risk by midcentu ry under the intermediate sea level
lacking. . return period URP) based on bivariate analysts — ™ | sea level ise (SLR) scenario and river flow change. rise scenario. These findings highlight the potential for compound
B ot F}ﬁ& major flooding to produce destructive impacts more frequently if sea
- " . BB intermediate-low SIR Y. levels continue to rise, which illustrates the need for consideration of
Coastal and Riverine Flood Classification o [ s | o . . . . .
of || BT B — - _ 2 joint behavior of extreme sea levels and river discharges in local level
& o B ¢ & 7000 | | | ~ 7000 | 000 ] . .
| | Hl e N - £ ~a planning and adaptation
Minor: Minimal or no property damage. | . H_E‘*ii___ ‘%r = . il £ o000 =TI . {6000 - | | | |
— e e i !
. { £ —~ ~ Jacksonville- = 4000 | IR 4000
# Moderate: Some inundation of structures and roads and { TR : . 10 i _120 1000 REfe re n Ces a n d AC kn OWIEd m e nt
has relatively considerable damages to private and ke £ " Naz, B. S. et al. Regional hydrologic response to climate change in the conterminous United States using high-resolution
™ commercial property. p ., Marginal distribution based on T hydroclimate simulations. Glob. Planet. Change 143, 100-117 (2016).
k, ‘ generalizéd Pareto Distribution for (a) 3, | ! Sweet, W. V., Dusek, G., Obeysekera, J. & Marra, J. J. Patterns and projections of high tide flooding along the u.s. coastline using a
_ N extreme river discharges, (c) extreme 5 | common impact threshold. NOAA Tech. Rep. NOS CO-OPS 44p. (2018).
Major: Inundated area and infrastructure impact escalate | - sea levels; (b) joint return period of 510y /A Sweet, W. V. et al. Global and Regional Sea Level Rise Scenarios for the United States. NOAA Tech. Rep. NOS CO-OPS 083 (2017).
significantly. | . | | . o extreme paired data based on the (7 : =
Risk of failure due to a compound major flooding (RFMajor) after 30 years of design life (2020-2050) selected copula. ' - _ _ _ _ _
1 15 2 25 3 This work was supported by the National Science Foundation (NSF) grant number #1444758 as part of the Urban Water Innovation
Sea Level [m,MHHW)] Network (UW|N).




	Slide Number 1

