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•  Mesoscale	  and	  sub-‐mesoscale	  processes	  may	  
provide	  important	  nutrient	  fluxes	  to	  the	  
surface	  

•  Field	  measurements	  have	  focussed	  on	  
individual	  mesoscale	  features	  	  

•  Models	  suggest	  dynamics	  involving	  mul)ple	  
features	  are	  important	  

Motivation 



Motivation 
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Data	  from	  Dundee	  Satellite	  Receiving	  Sta)on.	  	  
Processed	  by	  Steve	  Groom,	  NEODAAS,	  PML	  

Real life is messy too 
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•  How	  important	  is	  the	  ‘messy	  stuff’?	  

•  How	  can	  we	  quan)fy	  it	  in	  situ?	  

Questions 
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Model estimates 
McGillicuddy	  et	  al.	  2003	  GBC	  

mol	  N	  m-‐2	  y-‐1	  
Life at the mesoscale                                  
adrian.martin@noc.ac.uk 



RRS Discovery cruise 321 – July-August 
2007  
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Context 
Sea	  Surface	  Temperature	  

(AVHRR)	  

Chlorophyll	  
(MODIS)	  
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Estimating the mesoscale flux 

Ver)cal	  veloci)es	  (w)	  calculated	  
from	  Omega	  equa)on	  
	  
SeaSoar	  equipped	  with	  SUV-‐6	  
nitrate	  sensor	  
	  
Simultaneous	  3D	  map	  of	  w	  and	  
nitrate	  
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Fluxes 

Flux	  es)mates	  at	  100m	  

Life at the mesoscale                                  
adrian.martin@noc.ac.uk 



Complications #1 

w’	  
m/d	  

N’	  µmol/
m3	  

Nitrate	  and	  ver)cal	  velocity	  are	  not	  correlated	  
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•  Mean	  ver(cal	  velocity	  for	  ‘box’	  is	  non-‐zero:	  
<w>=0.23m/d	  

•  As	  a	  result	  the	  flux	  es(mate	  is	  biased	  
•  Need	  to	  calculate	  es(mate	  over	  a	  region	  for	  
which	  <w>=0	  

Complications #2 
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How big a box do you need? 

20	  30	  40	  
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Summary 

•  We	  cannot	  accurately	  sample	  a	  region	  large	  
enough	  to	  es)mate	  the	  mesoscale	  nutrient	  flux	  

•  We	  cannot	  rely	  on	  correla)ons	  between	  ver)cal	  
veloci)es	  and	  nutrients	  

•  We	  s)ll	  have	  no	  observa)onal	  es)mate	  for	  the	  
mesoscale	  nitrate	  flux	  in	  a	  typical	  square	  of	  ocean	  
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The	  End	  
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How messy is ‘messy’? 

Data	  from	  Dundee	  Satellite	  Receiving	  Sta)on.	  	  
Processed	  by	  Steve	  Groom,	  NEODAAS,	  PML	  

Life at the mesoscale                                  
adrian.martin@noc.ac.uk 



Budge)ng	  nitrate	  and	  produc)on	  

McGillicuddy	  et	  al.	  2003	  GBC	  



D321	  –	  Iceland	  Basin	  2007	  	  
•  What	  scien)fic	  ques)ons	  mo)vated	  the	  	  

	  field	  experiment	  ini)ally?	  
•  What	  instruments	  were	  selected	  (and	  why)	  	  

	  to	  conduct	  this	  experiment?	  
•  What	  was	  the	  deployment	  strategy	  	  

	  (orienta)on	  of	  the	  sec)ons,	  spa)al	  and	  	  
	  temporal	  resolu)on	  of	  the	  data	  collec)on,	  ...)?	  

•  Was	  satellite	  data	  used	  before/during/afer	  	  
	  the	  experiment?	  

•  What	  challenges	  were	  encountered	  during	  	  
•  the	  experiment	  (instrument	  failures,	  weather	  
•  condi)on,	  presence	  of	  dynamical	  features	  not	  	  
•  well	  captured	  by	  the	  deployment	  strategy	  
•  (unexpected	  ones	  or	  expected	  features	  but	  with	  	  
•  different	  scales,	  ...),	  scien)fic	  ques)ons	  not	  well	  
•  defined	  enough)?	  
•  In	  light	  of	  the	  past	  experience	  and	  of	  the	  	  

	  available	  technology	  or	  possible	  near	  future	  	  
	  technology	  developments,	  how	  would	  the	  	  
	  scien)fic	  ques)ons	  be	  reformulated	  and	  how	  	  
	  could	  a	  new	  experiment	  be	  designed	  to	  address	  these	  ques)ons?	  

24	  July-‐23	  August	  2007	  



D321	  –	  Iceland	  Basin	  2007	  	  
•  What	  instruments	  were	  selected	  (and	  why)	  to	  
conduct	  this	  experiment?	  

SeaSoar	  equipped	  with	  	  
SUV-‐6	  nitrate	  sensor	  
	  	  	  	  	  -‐	  simultaneous	  3D	  map	  	  
	  	  	  	  	  	  	  of	  hydrography	  and	  NO3	  
	  	  	  	  	  -‐	  high	  spa)al	  resolu)on	  
	  	  	  	  	  -‐	  synop)c	  (8	  kts	  /	  15km/h)	  
	  
Also	  CTD	  and	  bohle	  samples	  



STOP	  PRESS	  	  
D381	  –	  47N	  16.5W	  –	  Oct	  2012	  

•  What	  was	  the	  deployment	  strategy?	  
2	  SeaSoar	  surveys,	  	  
	  2	  CTD	  surveys	  

130x130km	  box,	  	  
	  tracks	  ~14km	  	  
	  apart	  

Orthogonal	  tracks	  	  
	  between	  surveys	  

Horiz.	  Resolu)on	  	  
	  2-‐4km	  SeaSoar,	  	  
	  ~30km	  CTD	  



D321	  –	  Iceland	  Basin	  2007	  	  
•  Was	  satellite	  data	  used	  before/during	  afer	  the	  
experiment?	  

Yes	  but	  largely	  qualita)ve	  	  
	  suppor)ng	  role.	  

Iden)fied	  dipole	  
Colour	  gave	  indica)on	  	  
	  of	  strong	  jet	  

Al)metry	  backed	  up	  	  
	  hydrography	  and	  ADCP	  	  
	  in	  inferring	  movement	  	  
	  of	  dipole	  



SSH	  

SST	  
-‐20	  -‐22	  
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D321	  –	  Iceland	  Basin	  2007	  	  

•  What	  challenges	  were	  	  
encountered	  during	  	  
the	  experiment	  	  
-‐	  instrument	  failures?	  
	  
	  



D321	  –	  Iceland	  Basin	  2007	  	  

•  What	  challenges	  were	  encountered	  during	  the	  
experiment	  -‐	  presence	  of	  dynamical	  features	  
not	  well	  sampled	  

	  
Not	  the	  obvious	  answer	  	  	  
-‐	  dipole	  was	  well	  sampled...	  



Filaments	  



D321	  –	  Iceland	  Basin	  2007	  	  
•  What	  challenges	  were	  encountered	  during	  the	  
experiment	  -‐	  presence	  of	  dynamical	  features	  not	  well	  
sampled	  

	  

How	  big	  does	  a	  box	  need	  to	  be	  to	  do	  a	  
budget?	  

	  
i.e.	  How	  big	  a	  box	  is	  needed	  for	  sum	  of	  ver)cal	  veloci)es	  
to	  be	  near	  zero?	  ....	  	  
	  Allen	  et	  al.	  “Diagnosing	  ver)cal	  veloci)es	  with	  the	  QG	  omega	  equa)on:	  an	  
examina)on	  of	  the	  errors	  due	  to	  sampling	  strategy”,	  2001.	  	  Deep	  Sea	  
Research	  (1),	  48,	  315-‐346	  	  

	  







D321	  –	  Iceland	  Basin	  2007	  	  

•  What	  challenges	  were	  encountered	  during	  the	  
experiment	  -‐	  presence	  of	  dynamical	  features	  
not	  well	  sampled	  

	  
How	  can	  cruise	  results	  be	  scaled	  up?	  
Dipole	  not	  immediately	  amenable	  to	  SQG	  ...	  
...need	  to	  take	  deeper	  structure	  into	  account...	  



Forryan,	  PhD	  thesis,	  2011	  



D321	  –	  Iceland	  Basin	  2007	  	  

•  What	  challenges	  were	  encountered	  during	  the	  
experiment	  –	  correla)ons	  

	  
Ver)cal	  velocity	  and	  nitrate	  field	  were	  not...	  



50m	   98m	  

Pidcock	  et	  al.,	  in	  prepara)on	  



D321	  –	  Iceland	  Basin	  2007	  	  
•  In	  light	  of	  the	  past	  experience	  (prac)ce,	  acquired	  knowledge)	  

and	  of	  the	  available	  technology	  or	  possible	  near	  future	  
technology	  developments,	  how	  would	  the	  scien)fic	  ques)ons	  
be	  reformulated	  and	  how	  could	  a	  new	  experiment	  be	  
designed	  to	  address	  these	  ques)ons?	  

SeaSoar	  and	  SUV-‐6	  now	  a	  proven	  key	  tool	  
Gliders	  too	  slow	  	  
….	  need	  a	  fleet	  and	  a	  novel	  deployment/	  management	  structure	  

(Leonard	  2008	  ???)	  
SQG	  needs	  thought	  in	  environment	  with	  mode	  water	  eddies	  
2	  ships	  needed?	  But	  only	  one	  SeaSoar-‐SUV6	  combina)on	  extant	  


