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Sediment transport is the result of several physical processes, which cause onshore and 

offshore transport. Net sediment transport is the small difference between two large 

quantities, the onshore and offshore transport components. Therefore, all contributions to 

onshore and offshore transport need to be quantified very accurately. In particular, we focus 

on the effect of nearshore wave shape on sediment transport.  

GOAL: Understand and quantify sediment 

transport processes across the beach profile. 

II. Nearshore Wave Mechanics and Bedload!

IV. Prediction of Nearshore Wave Characteristics!

V. Conclusions!

1." We have developed a new, physics-based model for bottom shear stress and bedload transport due 

to nearshore waves and currents based on a time-varying friction factor concept. 

2." This bedload model has been applied to successfully predict experimentally observed bedload 

transport rates for skewed and asymmetric wave motions without any parameter adjustments. 

3." Current efforts: Coupling of hydrodynamics and bedload transport models to predict cross-shore 

sediment transport for realistic random nearshore wave conditions. 

I. Motivation!

[http://coastalchange.ucsd.edu] 

Deep water waves are sinusoidal. As the 

waves approach the shore, they become 

skewed (with peaked, narrow crests and 

flat, wide troughs) and asymmetric 

(forward-leaning in shape). Wave 

skewness and asymmetry cause an 

imbalance in bed shear stresses that 

yields a net onshore sediment transport. 

In our model, this phenomenon is 

captured by using a different friction 

factor at the wave crest (C) than at the 

wave trough (A). 
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[Adapted from http://coastalchange.ucsd.edu] 

[Adapted from Watanabe and Sato (2004)] 

[Adapted from Gonzalez-Rodriguez and Madsen (2007)] 

In beaches open to the ocean (such as La 

Jolla Shores, CA), the emerged part of the 

profile is typically wider in the summer 

(upper photo) than in the winter (lower 

photo). This reflects the annual cycle of the 

beach profile (see schematic below). In the 

winter, storms erode the beach and move 

sand offshore. The sand accumulates in the 

offshore part of the profile, forming a 

submerged berm. This berm locally reduces 

the water depth, causing waves to break 

farther from the shore and protecting the 

beach from further erosion. In the summer, 

mild, long waves bring the sand back 

onshore. 

Summer 

Winter 

Bedload is proportional to the bed shear stress. Thus, once the bed shear stress is determined, 

we can readily predict bedload by using Madsen’s (1991) formula. 

In order to predict bedload transport under real 

wave conditions, we couple our sediment 

transport model with a nearshore 

hydrodynamics model (Tajima and Madsen, 

2006). The model can be applied to random 

wave conditions by either using a detailed 

wave by wave description or a synthetic 

spectral description. The figures compare our 

model’s predictions with measurements 

(Hamilton and Ebersole, 2001) of wave height, 

asymmetry, and skewness for random waves 

propagating over a plane 1:30 sloping beach. 

Sediment Transport due to 
Nearshore Waves and Currents!

III. Prediction of Bedload Transport!

Comparison of Predictions with Measurements 

To assess the predictive ability of our 

bedload model, we compare its predictions 

with experimental measurements 

conducted in oscillating water tunnels 

(OWTs). An OWT consists of two vertical 

cylinders and a horizontal test section. A 

piston in one of the cylinders induces an 

oscillatory water motion in the test section, 

modeling the wave motion near the seabed 

at an almost 1:1 scale. 
[http://www.santoss.utwente.nl/] 

Skewed waves Asymmetric waves 

Wave asymmetry Wave skewness 

Wave height 



Introduc#on	
  
 BC	
  heats	
  the	
  atmosphere	
  while	
  it	
  cools	
  the	
  surface.	
  
 This	
  can	
  alter	
  the	
  large	
  scale	
  dynamics	
  of	
  the	
  atmosphere	
  

and	
  thus	
  the	
  energy	
  and	
  hydrological	
  cycles.	
  
 BC	
  distribu#on	
  is	
  heterogeneous	
  (one	
  week	
  life#me).	
  
 The	
  emissions	
  are	
  regarded	
  as	
  one	
  of	
  the	
  most	
  important	
  

uncertain	
  factors	
  in	
  modeling	
  BC.	
  
 The	
  current	
  boGom-­‐up	
  emissions	
  es#ma#on	
  is	
  en#tled	
  

to	
  a	
  factor	
  ≥2	
  range,	
  adding	
  in	
  model	
  uncertainty	
  raises	
  a	
  
concern	
  in	
  es#ma#ng	
  the	
  radia#ve	
  forcing	
  and	
  climate	
  
response.	
  



Op#mizing	
  for	
  BC	
  Emissions	
  

From: Weiss and Prinn, 2011 

Observa(ons:	
  AERONET	
  	
  (Holben	
  et	
  al.	
  1998)	
  
-­‐AAOD	
  instead	
  of	
  AOD	
  
-­‐Level	
  2	
  data	
  (AOD	
  is	
  data,	
  SSA	
  is	
  from	
  an	
  inversion)	
  only	
  
-­‐Data	
  corresponding	
  to	
  AOD<0.4	
  not	
  used	
  
-­‐Data	
  used	
  is	
  from	
  2001-­‐2006	
  
-­‐A	
  total	
  of	
  85	
  AERONET	
  sites	
  have	
  been	
  used	
  mee#ng	
  these	
  restric#ons	
  

Op(mal	
  Es(ma(on	
  Technique:	
  Kalman	
  Filter	
  
(eg:	
  Prinn	
  2000)	
  



Interac#ve	
  Aerosol-­‐Climate	
  Model	
  
  2-­‐moment	
  (mass	
  and	
  number)	
  aerosol	
  module	
  

  3	
  sizes	
  of	
  sulfate;	
  Primary	
  OC	
  &	
  BC;	
  aged	
  BC	
  [core/shell];	
  aged	
  
OC	
  [internally	
  mixed]	
  

  Processing	
  includes:	
  condensa#on	
  of	
  H2SO4,	
  nuclea#on,	
  
coagula#on,	
  water/cloud	
  interac#ons,	
  wet	
  and	
  dry	
  deposi#on.	
  

  Dust	
  Climatology:	
  CCSM	
  Dust	
  Model	
  [N.	
  Mahowald]	
  
  Inversion	
  Runs	
  used	
  CTM	
  mode	
  driven	
  by	
  NCEP	
  Reanalysis	
  

2001-­‐2006	
  
  Climate	
  Runs	
  in	
  GCM	
  Mode,	
  using	
  a	
  slab	
  ocean	
  model.	
  

  Effects	
  Include	
  Urban	
  Processing	
  Metamodel	
  

Cohen, et al. (2011) Geophys. Res. Lett., 38, L10808, doi:10.1029/2011GL047417 
Kim, Wang, et al.  JGR, VOL. 113, D16309, doi:10.1029/2007JD009756, 2008 



Dust	
  Climatology	
  



Sensi#vity	
  Matrix	
  
for	
  Selected	
  
Sta#ons	
  



Op#miza#on	
  is	
  Robust	
  to	
  Various	
  
Assump#ons	
  



Op#miza#on	
  over	
  Specific	
  Con#nents	
  



Emissions [Tg/Yr] 
BC (This Work) 17 (+/-2) 

BC (Cohen et al., 2011) 14 
OC 67 
SO2 179 

Op#mized	
  Emissions	
  of	
  BC	
  

Emissions	
  Increased	
  In	
  
These	
  Regions	
  

Emissions	
  
Decreased	
  
In	
  These	
  
Regions	
  



Derived	
  Climatological	
  AAOD	
  

dAAOD*1000 Global SE Asia India 
Annual 0.86 1.65 3.58 
Winter 0.98 2.47 5.84 
Spring 0.79 1.53 2.38 

Summer 0.65 1.01 2.20 
Autumn 1.02 1.57 3.92 

Column	
  Absorp#on	
  is	
  
Increased	
  both	
  in	
  regions	
  
with	
  increased	
  emissions	
  
as	
  well	
  as	
  in	
  other	
  
regions.	
  Some	
  regions	
  
experience	
  a	
  large	
  
seasonal	
  varia#on.	
  

Column	
  
Absorp#on	
  is	
  
decreased	
  to	
  a	
  
lesser	
  extent,	
  
but	
  s#ll	
  with	
  a	
  
large	
  seasonal	
  
varia#on	
  



Impact	
  on	
  Atmospheric	
  
Radia#ve	
  Forcing	
  

ABS d[W/m2] Global SE Asia India 
Annual 0.75 1.1 2.0 
Winter 0.59 1.2 2.0 
Spring 0.78 1.1 2.0 

Summer 0.94 0.82 1.7 
Autumn 0.69 1.2 2.1 

ATMOS	
  =	
  TOA	
  -­‐	
  SURFACE	
  

This	
  is	
  among	
  the	
  key	
  
factors	
  to	
  determine	
  BC’s	
  
climate	
  effect.	
  

Most	
  of	
  the	
  change	
  of	
  the	
  
global	
  energy	
  budget,	
  due	
  
to	
  radia#ve	
  forcing,	
  is	
  
because	
  of	
  atmospheric	
  
absorp#on	
  by	
  BC.	
  

Forcing	
  is	
  not	
  uniform	
  (eg:	
  
North	
  to	
  South	
  Gradient)	
  
and	
  may	
  induce	
  a	
  non-­‐linear	
  
climate	
  response.	
  



Difference	
  in	
  Climate	
  Response:	
  
Convec#ve	
  Precipita#on	
  

d[mm/day] Global SE Asia India 
Annual 0.01 0.10 0.03 
Winter 0.01 0.06 -0.48 
Spring -0.00 0.14 -0.04 

Summer 0.00 -0.03 0.13 
Autumn 0.01 0.23 0.51 

Both	
  long	
  distance	
  effects	
  and	
  
changes	
  to	
  the	
  large	
  scale	
  structure	
  
are	
  seen	
  in	
  the	
  convec#ve	
  
precipita#on	
  response.	
  



South	
  East	
  Asian	
  Response:	
  
Precipita#on	
  



Conclusions 
•  Using	
  the	
  MIT-­‐CAM	
  (Urban)	
  model	
  and	
  AERONET	
  measurements,	
  

leads	
  to	
  an	
  op#mized	
  global	
  BC	
  emissions	
  of	
  17Tg/yr.	
  

•  Op#mized	
  minus	
  A-­‐priori	
  emissions	
  are	
  distributed	
  non-­‐uniformly.	
  
•  The	
  op#mized	
  emissions	
  are	
  quite	
  robust	
  to	
  uncertain#es	
  in	
  the	
  

error	
  magnitude	
  of	
  the	
  AERONET	
  data,	
  however	
  to	
  obtain	
  beGer	
  
spa#al	
  or	
  temporal	
  disaggrega#on,	
  new	
  data	
  sources	
  are	
  required.	
  	
  

•  Since	
  these	
  changes	
  are	
  large	
  in	
  amount	
  and	
  unequally	
  distributed,	
  
they	
  are	
  expected	
  (via	
  the	
  direct	
  effect)	
  to	
  induce	
  changes	
  in	
  large	
  
scale	
  dynamics,	
  clouds,	
  and	
  precipita#on.	
  

•  The	
  regional-­‐scale	
  climate	
  response	
  is	
  more	
  variable	
  and	
  stronger	
  in	
  
magnitude	
  than	
  the	
  global	
  scale	
  average	
  response.	
  



Thank	
  You	
  

Any	
  Ques#ons?�


