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•  Mo#va#on 

•  The concept of ROC 
•  Importance of basin size 

•  Three examples 
•  The real source in S2S? 

typically only a few hundred kilometers wide. The rivers form from the intense mid and lower 

tropospheric winds that conduct heat and water vapor poleward in the warm sectors of eastward-

moving, midlatitude low-pressure cyclones (Figures 1, 2, and 3). The narrow structure, and the 

intensity of water-vapor transport in the narrow pathways, is in keeping with Zhu and Newall’s 

(1998) conclusions that atmospheric rivers conduct more than 90% of the overall poleward 

water-vapor transports in the extratropics, while covering less than 10% of total hemispheric 

circumference on average. This narrow structure is poorly resolved in available historical 

weather fields, which are constructed on 2.5º x 2.5º latitude-longitude grids and which are based 

mostly on observations from outside the northeastern Pacific. Thus the largest (and widest) 

pineapple-express “jets” are most likely to be identified by the methods employed here.  
 

 

 
Figure 1. Infrared weather-satellite imagery of the Pacific Ocean basin (GOES-West) from 1800 hours 

GMT on 1 January 1997 (top left) and corresponding daily weather map (top right) and vertically 

integrated water-vapor transport directions and relative rates (bottom); arrow at bottom indicates length 

of a 1000 kg/m/s transport. 
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Dettinger, 2004 



Mo@va@on (pla@tudes?) 

•  Most sediment (& POC) is delivered to the ocean during 
short‐lived, high‐discharge events 

•  Wave energy during delivery influences the cross‐margin 
dispersal of sediment 

•  Wind speed & direc#on influence coastal currents, hence 
along‐margin dispersal 

•  Once deposited, sediment is more difficult to disperse 
further due to consolida@on effects 

•  Hence, wind & wave condi@ons during floods are key! 

But, there is tremendous varia@on in forcing condi@ons  
in the coastal ocean…  



Sediment Flux 

There exists a pdf of sediment flux & we mainly care 
about the right tail of the distribu@on…  

Fr
eq

ue
nc
y 



S
a
n

ta
 C

la
ra

  
  
  
  

  
  
  

  
  

  
  
  
  

 S
a
li

n
a
s 

  
  
   

  
  
  
  

  
  
  

  
  

  
  
  
 E

el
  
  
  

  
  
  
  

  
  

  
   

  
  
  

  
  
 U

m
p

q
u

a

All Winds                    Summer Winds               Winter Winds                Flood Winds

<=5

>5 - 10

>10 - 15

>15

Sediment Flux 

Wave Height 
Wind speed 
& direc@on 

Possibility 1: High waves, strong, southerly winds 
during flooding 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Possibility 2: Low waves, weaker, westerly winds 
during flooding 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River-Ocean Coherence (ROC) implies that both wave/wind 
possibilities do not exist during floods
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In the case of ROC, size maXers! 

•  ~9K km2, floods: 1 ‐ 3 days 

•  Storms & floods are highly 
coherent  

•  Ocean condi#ons: low variability, 
but energe#c 

•  ~70K km2, floods: 2 ‐ 3 weeks 
•  Storms & floods are not 

necessarily coherent 
•  Ocean condi#ons: high variability, 

but mostly fair‐weather 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•   Deposit displaced from river 
•   No proximal‐distal paSern 
•   Gentle thickness gradients 
•   Stra#graphically simple 

•   Deposit adjacent to river 
•   Clear proximal‐distal paSern 
•   Sharp thickness gradients 
•   Stra#graphically complex 

10  20  25


Uncoupled  
river‐ocean system 

Wheatcroft & Borgeld, 2000 Wheatcroft et al. 2006 



Hanalei River, Kauai, Hawaii 
•  54 km2 basin area 

•  Mul#ple sources of rainfall: 
–  NE trades, diurnal sea breezes, orographic 
–  Mid‐la#tude cold fronts 
–  “Kona lows”, cutoff lows from subtropical 

westerlies 

•  Mismatch between high discharges & high 
waves 

Year Day  Draut et al. 2009




Waipaoa River, New Zealand 

•  2,200 km2 basin area 

•  River floods during all parts 
of the year 
–  Westerly mid‐la#tude 

cyclones 
–  Tropical cyclones 

–  Southerlies 

•  pdf of significant wave 
height (m) for 
–  Q/Qmean > 8 (events) ‐ ‐ ‐ ‐ ‐ 

–  Q/Qmean < 8 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Data from T. Kniskern, NIWA, Gisborne District Council 



Tropical Cyclones S Pacific (1980‐1989) 

IBTrACS 



US West Coast 

•  11 years of hourly discharge & 
buoy data for: 
–  Umpqua: 44° N; ~9K km2 

–  Eel: 41° N, ~9K km2 

–  Salinas: 37° N, ~11K km2 (not shown) 

–  Santa Clara: 34°N, ~4.5K km2 

•  Iden#fied floods based on >90 
percen#le & calculated Ub at 60 m, 
wind speed & direc#on  

•  Clear paSern for northern rivers, 
less so for the Santa Clara 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Umpqua 

 Pdfs of winter#me (NDJFMA) 
significant wave height (m) for 

–  Q/Qmean < 8  (‘normal’) _______ 

–  Q/Qmean > 8 (events) ‐ ‐ ‐ ‐ ‐ 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Atmospheric Rivers 

•  Extratropical cyclones, with: 
–  Large IWV fluxes + mountains = rain 

–  Strong, southerly surface winds 

–  Large waves from Gulf of Alaska  0 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Extratropical Stra@form Precipita@on 

•  Local correla#on between zonal wind @ 850 hPa (~1.5 km) & rainfall 
•  Norway, Iberian W coast, S Chile, SW NZ & US West Coast 

Garreaud, 2007 



Tropical cyclones 

Knapp et al. 2010 
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What else to consider? 

•  Runoff‐infiltra#on issues causing leads or lags 
of the flood wave  

•  Impoundments (Apennine margin example)   

•  Wave dispersion from distant storms leads to 
distal/proximal considera#ons (Liu et al. 2006) 

•  Shizs in storm tracks due to climate change 



Summary 

•  River‐ocean coherence (ROC) implies a decrease in the 
variance of ocean condi#ons  

•  Basin size is cri#cal, with ~20K km2 the upper limit 

•  Not all small basins exhibit ROC 
•  Precipita#on source plays an important role in ROC 
–  Convec#ve vs. cyclonic 
–  Tropical vs. extratropical cyclones 

•  Much to be learned from ‘forensic’ analysis of events 


