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The! 2010!Macondo! oil! spill! injected! an! unprecedented! amount! of! hydrocarbons! into! Gulf! of!Mexico! deep!
waters.!A!poorly!constrained!frac?on!of!this!reduced!carbon!input!dispersed!in!the!water!column.!!

Applica'on*to*high.resolu'on*model*data*

Applica'on*to*the*observa'onal*data*

Figure!2:!Spa?al!distribu?on!of!O2!anomalies!(Joye!et!al.!2011)!
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1.  Our!preliminary!results!show!reasonable!agreement!between!the!2!methods!employed!to!quan?fy!O2!deple?on!in!the!deep!water.!!
2.  The!bivariate!splines!approach!is!able!to!capture!the!observed!pagerns,!conserves!the!posi?vity!of!the!anomalies!and!does!not!exhibit!over`!and!

under`shoo?ng.!
3.  Interpola?on!using!kriging!by!water!column!layer!vs.!by!depth`integrated!O2!anomalies!leads!to!discrepancies!on!the!order!of!10%.!
4.  Total!O2!drawdown!within!the!model!domain!is!on!the!order!of!1.5x1010!mol!O2.!This!is!lower!than!previous!es?mates!(e.g.!Kessler!et!al.!2011),!in!

part!due!to!the!more!restricted!domain!boundaries!used!here.!!
5.  The!sparse!observa?onal!data!does!not!capture!the!variability!seen!in!model!simula?ons.!This!challenges!the!use!of!any!data`filng!technique!to!

quan?fy!total!O2!deple?on!(and!subsequent!mass`balance!based!agribu?on!to!processes).!

Figure!1:!Example!of!O2!profile!&!anomaly!
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Data&
We!used!O2!concentra?on!profiles!collected!on!NOAA!ship!Pisces!
Cruise! IV! between! August! 19! and! September! 2,! 2010,!
predominantly! southwest! of! the! Deepwater! Horizon! drill! site.!
From!these!observa?onal!data,!O2!anomalies!were!quan?fied!by!
manually!cura?ng!measured!profiles!and!iden?fying!O2!deple?on!
against! background! concentra?ons! in! approximately! 1!m! depth!
intervals!between!700!m!and!1300!m!water!depth!(Figure!1).!
!
A!total!of!131!profiles!were!used,!giving!rise!to!the!distribu?on!of!
O2!!deple?on!shown!in!Figure!2.!

anomaly!

concentra?on!

The!observa?onal!data!available!provides!insight!into!O2!deple?on!in!the!deepwater.!However,!the!informa?on!regarding!the!spa?al!variability!between!profiles!
is! limited.!Hence,!we! resorted! to! results! of!model! simula?ons! (HYCOM;!Valen?ne! et! al.! 2012)! assuming! that! the! process! based! system!descrip?on! leads! to!
meaningful!approxima?on!to!the!actual!variability!of!O2!anomalies!at!high!resolu?on.!We!tuned!our!interpola?on!algorithms!to!match!model!results!(Table!1),!
and!then!used!this!parameteriza?on!to!interpolate!the!observa?onal!data.!Figure!4!gives!an!example!of!the!reconstruc?on!of!the!model!data.!

As!the!biological!breakdown!of!reduced!hydrocarbons!consumes!O2,!
deple?on!of!this!electron!acceptor!may!indicate!the!past!presence!of!
hydrocarbons.! Here,! we! present! our! agempts! to! quan?fy!
O2!anomalies! from!a! sparse!data! set!using!mul?variate! splines! in!2!!
dimensions.!We!compare!and!contrast!these!results!with!those!from!
alterna?ve!interpola?on!methods!such!as!ordinary!kriging.!

Despite! the! compara?vely!
larger! number! of! measured!
profiles,!the!sparse!nature!of!
the! dataset! makes! the!
quan?fica?on! of! the! total!
O2! drawdown! challenging.!
We! approach! this! issue! by!
applying! a! novel! ! bivariate!
spline!methodology.!We!first!
apply! it! to! high`resolu?on!
model! data! to! op?mize! the!
parameteriza?on,! and! then!
use!it!to!interpolate!the!data!
set!shown!in!Figure!2.!!

!!Figure!4:!Simulated!O2!anomalies!for!July!18!in!µM!(A;!Valen?ne!et!
al.!2012).!(B)!and!(C)!show!model!data!and!spline!reconstruc?on!in!
the!inset!(α!=!!10`8).!

A! B! C!

α" std&

10`5! 2.7725!
10`6! 2.5020!
10`7! 2.4620!
10`8! 1.7819!
10`9! 1.7820!
10`10! 1.7820!

! Table!1:!Impact!of!weigh?ng!parameter!
α!on!the!quality!of!the!spline!fit!over!
~1200!!triangles.!

Our!computa?on!of!the!total!amount!of!O2!deple?on!from!the!data!collected!over!
the!two`week!period!of!Pisces!cruise!IV!entails!!
1.  Computa?on!of!a!bivariate!spline!filng!func?on!over!the!given!data!values!for!

each!depth!layer.!!
2.  Integra?on!of!each!filng!func?on!across!the!domain!and!summa?on!over!the!

contribu?on!from!each!layer.!!
We!implemented!this!algorithm!in!MATLAB!based!on!Awanou!et!al.!(2006].!!
First,! we! created! a! well`condi?oned! triangula?on! covering! the! loca?ons! where!
data! values! were!measured! (Figure! 3),! and! then! determine! bivariate! splines! as!
outlined!in!Box!1.!

Parameteriza'on:! a! similar! pagern! of!
the!fit!to!of!the!spline!interpola?on!to!
the!simula?on!data!with!respect!to!the!
smoothing!parameter!α!was!found!for!
meshes! with! different! resolu?on,!
indica?ng!an!op?mal!α!of!10`8.!

Box&1:&Bivariate&spline&methodology&

Figure! 3:! Profile! loca?ons! (red! crosses)! and!
addi?onal!triangula?on!ver?ces!(black!dots).!

In! addi?on! to! the!bivariate! splines,!we!
also!used!ordinary!kriging!to!interpolate!
O2! anomalies! between!measurements.!
An!exponen?al!model!was!figed!to!the!
empirical! variogram;! nugget,! sill! and!
range!was! determined! either! from! the!
high`resolu?on!model! simula?ons! or! –!
for! each! layer! –! from! the! measured!
profiles.!

longitude!longitude!

anomaly*(mgO2/L)* top`down!view! top`down!view!

!at!1200!m! at!1100!m!

The!bivariate!spline!implementa?on!shows!that!the!interpola?on!produces!the!desired!non`nega?ve!anomalies!and!the!
absence!of!overshoo?ng!(Figure!5).!Due!to!the!sparsity!of!data,!the!O2!anomalies!appear!however!smoother!than!in!the!high!
resolu?on!model!data!(Figure!4).!

Figure!5:!Spa?al!distribu?on!of!O2!anomalies!at!1200!m!(ler)!and!1100!m!(right)!water!depths.!Observa?ons!(+)!are!interpolated!using!
bivariate!splines.!The!color!coding!of!top`down!views!follow!the!scale!given!in!the!respec?ve!3D!plot.!!

Figure! 6:!Depth`profile! of! the! es?mated!
O2! anomaly! within! the! domain! (Fig.! 3),!
using!bivariate!splines!&!ordinary!kriging!

Depth`profiles!of!O2!anomalies!es?mated!with!bivariate!splines!and!ordinary!kriging!are!similar!(Fig.!6).!However,!difference!of!on!the!order!of!10%!
exist!when!comparing!the!total!O2!anomaly!computed!using!kriging!by!layer!vs.!the!depth`integrated!anomaly!at!each!sta?on.!!
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