

Detailed model analysis

Thermistor Calibration
	The calibration offsets used to correct the raw data (as described in the methods section of the paper) are listed in table S1:
	Sensor ID
	Depth and Location on Probe (cm)
	Temperature Offset (˚C)

	8061
	 +5 (bottom water)
	-0.051

	8062
	 -5 (sediment)
	-0.051

	8063
	 -10 (sediment)
	-0.079

	8064
	 -15 (sediment)
	0.032



[bookmark: _GoBack]Model Details
As a function of both time and material properties, TD controls a material’s response to transient heat transfer.  The governing equation for three-dimensional conduction (the heat diffusion equation, equation S1), demonstrates how this transient term behaves in relation to time-independent conduction and heat generation.
 					(S1)

For conduction through marine sediments, many simplifications can be applied to the general equation.  First, conduction is assumed to be one-dimensional; from the bottom water down through the sediment, but not laterally through the sediments.  Next, it is assumed that no heat generation occurs, leaving only two terms in equation S1.  The result is equation S2, the heat equation for transient conduction in a semi-infinite solid.
 						(S2)

Last, the initial condition T(x,0) = Ti  and the interior boundary condition T(x → ∞ ,t ) = Ti  are applied, further simplifying equation S2 to equation S3.
 				(S3)

In equation S3, T(z,t) is the temperature at the depth and time of interest: ∆Ti is the difference in bottom water temperature over time-step i, z is the depth of interest, τ is the time range from the time of interest to the last observed time, and α is the TD at the depth of interest.  For a series of temperature changes, TD can be calculated using a stepwise approach: this explains the summation term in equation 3, with each i term representing a single temperature step.  The number of time steps, n, is one less than the number of observed data points.  Equation 3 allows for downward propagation from the bottom water sensor, resulting in model fits that can be adjusted for a variety of possible TD values. To determine T(z,t) at the three depths of interest, the differences between consecutive points in the bottom water temperature sensor’s data were computed in Matlab version R2011a. This gave a ∆Ti  vector with each value corresponding to a 1 minute timestep. The τ vector was then calculated, with 
						 (S4)
where tn is the time of the last datapoint in the record and ti is the time of the current datapoint corresponding to the beginning of the ∆Ti range. A vector was then generated for a range of TD values centered on an estimate of the expected TD values from Thomson (2010). These vectors were supplied to equation S2, generating a T(z,t)  matrix for each sensor depth (5 cm, 10 cm, and 15 cm) where the rows correspond to time steps and the columns correspond to TD values. Each column was then differenced with the observed data from that depth, and the standard deviations of those values were plotted as a function of the column’s TD (Figure 3).

Sensitivity Analysis
Of the variables in equation S3, the depth of interest (z) was the only parameter where error could be introduced during operation of the probe: if the probe was inserted to a different depth than the ideal, the sensors would be offset from the model depths. The use of a high definition camera during deployment allowed us to mitigate this error by visually inspecting the position of the sediment-bottom water interface along the scale on the probe. Thus we are confident that our deployment depths were within 0.25 cm of the “zero” (top sensor exactly 5 cm below the sediment-water interface). However, the examination of our model where z is varied by up to ±1cm provides a useful sensitivity analysis.
Our model was run with 100 input TDs, spaced evenly between 1x10-7 and 1x10-5 m2/s. This set of inputs was run 8 times for each deployment, with a different depth error introduced in each run. The figures below show these results in terms of the calculated TDs and the percent error between the depth-varied TD results and the “true” results. Here the top (blue diamonds), middle (orange squares), and bottom (green triangles) refer to the three sediment sensors, where top = 5 cm, middle = 10 cm, and bottom = 15 cm below the sediment-water interface for the “true” TD results.
Deployment 1:



Deployment 2:



The relationship between the TD and the depth error is very clear, with some repeated values on sensors with lower absolute temperature variation. As our deployments were photographically observed to be within 0.25 cm of the target depths, the sensitivity analysis indicates the maximum depth error to be less than 13.03% for deployment 1 and less than 14.98% for deployment 2. 


Matlab Code
Separate Depths (Analysis 1)
close all; clear all; clc;
ll=3600; ul=12200; %Deployment 1
T1=open('Data&Calibration\Dep1\T1.mat'); T1=T1.T1(ll:ul,1);
T2=open('Data&Calibration\Dep1\T2.mat'); T2=T2.T2(ll:ul,1);
T3=open('Data&Calibration\Dep1\T3.mat'); T3=T3.T3(ll:ul,1);
T4=open('Data&Calibration\Dep1\T4.mat'); T4=T4.T4(ll:ul,1);
% ll=2000; ul=10000; %Dep 2
% T1=open('Data&Calibration\Dep2\T1.mat'); T1=T1.T1(ll:ul,1);
% T2=open('Data&Calibration\Dep2\T2.mat'); T2=T2.T2(ll:ul,1);
% T3=open('Data&Calibration\Dep2\T3.mat'); T3=T3.T3(ll:ul,1);
% T4=open('Data&Calibration\Dep2\T4.mat'); T4=T4.T4(ll:ul,1);
n=length(T1);
alpspace=linspace(log10(1E-7),log10(1E-5),100); %Dep 1
%alpspace=linspace(log10(1E-8),log10(1E-5),100); %Dep 2
alp=10.^(alpspace); 
z=[.05,.1,.15]';
t=[0:60:(n-1)*60]';
 
delta_T1=diff(T1); delta_T2=diff(T2); delta_T3=diff(T3);
mT2=sum(T2)/n; mT3=sum(T3)/n; mT4=sum(T4)/n;
 
clear Tm2 mTm2 Tf2
for j=1:length(alp)
    for i=1:n-1
        tau=t(i+1)-t(1:i);
        den=sqrt(4*alp(j).*tau);
        Tm2(i,j)=erfc(z(1)./den')*delta_T1(1:i)+T1(length(T1));
        Tm3(i,j)=erfc(z(2)./den')*delta_T1(1:i)+T2(length(T2));
        Tm4(i,j)=erfc(z(3)./den')*delta_T1(1:i)+T3(length(T3));
    end
    %Offsetting to account for linear gradient
    mTm2(j)=sum(Tm2(:,j))/length(Tm2(:,j));
    mTm3(j)=sum(Tm3(:,j))/length(Tm3(:,j));
    mTm4(j)=sum(Tm4(:,j))/length(Tm4(:,j));
    Tf2(:,j)=Tm2(:,j)-(mTm2(j)-mT2);
    Tf3(:,j)=Tm3(:,j)-(mTm3(j)-mT3);
    Tf4(:,j)=Tm4(:,j)-(mTm4(j)-mT4);
    %Calculating Standard Deviations
    sd(j,1)=std(T2(2:n)-Tf2(:,j));
    sd(j,2)=std(T3(2:n)-Tf3(:,j));
    sd(j,3)=std(T4(2:n)-Tf4(:,j));
end
I2=find(sd(:,1)==min(sd(:,1)))
I3=find(sd(:,2)==min(sd(:,2)))
I4=find(sd(:,3)==min(sd(:,3)))
diff(1)=alp(I2)
diff(2)=alp(I3)
diff(3)=alp(I4)
 
figure(1)
subplot(4,1,1); plot(t,T1,'.g','markersize',2)
subplot(4,1,2); hold on; 
plot(t(1:length(t)-1),Tf2); plot(t,T2,'.g','markersize',2);  
subplot(4,1,3); hold on; 
plot(t(1:length(t)-1),Tf3); plot(t,T3,'.g','markersize',2);  
subplot(4,1,4); hold on; 
plot(t(1:length(t)-1),Tf4); plot(t,T4,'.g','markersize',2); 
xlabel('Time'); ylabel('Temperature [C]');
 
f2= figure(2)
plot(log10(alp),sd,'o-')
xlabel('log(Diffusivity)'); ylabel('Standard Deviation')
legend('5 cm','10 cm','15 cm');
title('Standard Deviation vs. Diffusivity');
 
figure(3)
plot(diff,z*100,'.','markersize',20); axis ij
xlabel('Thermal Diffusivity [m^2/s]');
ylabel('Depth [cm]');
title('Diffusivity vs. Depth')
 
figure(4)
subplot(4,1,1); plot(t,T1,'.r','markersize',3)
subplot(4,1,2); hold on; 
plot(t(1:length(t)-1),Tf2(:,I2)); plot(t,T2,'.r','markersize',3);  
subplot(4,1,3); hold on; 
plot(t(1:length(t)-1),Tf3(:,I3)); plot(t,T3,'.r','markersize',3);  
subplot(4,1,4); hold on; 
plot(t(1:length(t)-1),Tf4(:,I4)); plot(t,T4,'.r','markersize',3); 
legend('Best Model Fit','Observed Data');
xlabel('Time [Seconds]'); ylabel('Temperature [C]');
 
figure(5)
plot(t,T1,'.r','marker','x','markersize',5); hold on;
plot(t,T2,'.b','marker','x','markersize',5); 
plot(t(1:length(t)-1),Tf2(:,I2),'c','linewidth',1.5);
plot(t,T3,'.g','marker','x','markersize',5); 
plot(t(1:length(t)-1),Tf3(:,I3),'y','linewidth',1.5);
plot(t,T4,'.k','marker','x','markersize',5);
plot(t(1:length(t)-1),Tf4(:,I4),'m','linewidth',1.5);
%axis([0 8600 4.8 6]); 
xlabel('Time [Seconds]'); ylabel('Temperature [C]');
legend('Bottom Water Data', '5cm Data', '5cm Best Fit','10cm Data','10cm Best Fit', '15cm Data','15cm Best Fit')
 
t=t/3600;
f6 = figure(6)
subplot(3,1,1); plot(t,T1,'.r','marker','o','markersize',3); hold on;
plot(t,T2,'.b','marker','o','markersize',5); 
plot(t(1:length(t)-1),Tf2(:,I2),'k','linewidth',1.5);
%title('5 cm Depth','fontsize',16,'Position',[.8,.8,0]);
%legend('5 cm');
%ylim([3.3 3.8]);
subplot(3,1,2); plot(t,T1,'.r','marker','o','markersize',3); hold on;
plot(t,T3,'.b','marker','o','markersize',5); 
plot(t(1:length(t)-1),Tf3(:,I3),'k','linewidth',1.5);
ylabel('Temperature [C]')%,'fontsize',16);
%title('10 cm Depth','fontsize',16);
%legend('15 cm');
%ylim([3.3 3.8]);
subplot(3,1,3); plot(t,T1,'.r','marker','o','markersize',3); hold on;
plot(t,T4,'.b','marker','o','markersize',5); 
plot(t(1:length(t)-1),Tf4(:,I4),'k','linewidth',1.5);
%title('15 cm Depth','fontsize',16);
xlabel('Time [Hours]')%,'fontsize',16);
%legend('15 cm');
%ylim([3.3 3.8]);
 
f7 = figure(7)
hold on;
plot(t(1:length(t)-1),Tf2(:,I2),'r','linewidth',1.5);
plot(t(1:length(t)-1),Tf3(:,I3),'b','linewidth',1.5);
plot(t(1:length(t)-1),Tf4(:,I4),'k','linewidth',1.5);
legend('5 cm','10 cm','15 cm');
xlabel('Time [Hours]');
ylabel('Temperature [C]');
 
% saveas(f2, 'Dep1SD','fig');
% saveas(f2, 'Dep1SD','png');
% saveas(f6, 'Dep1SepDepths','fig');
% saveas(f6, 'Dep1SepDepths','png');
% saveas(f7, 'Dep1ModelFits','fig');
% saveas(f7, 'Dep1ModelFits','png');

Overall Values (Analysis 2)
ll=3600; ul=12200; %Deployment 1
T1b=open('Data&Calibration\Dep1\T1.mat'); T1b=T1b.T1(ll:ul,1);
T12=open('Data&Calibration\Dep1\T2.mat'); T12=T12.T2(ll:ul,1);
T13=open('Data&Calibration\Dep1\T3.mat'); T13=T13.T3(ll:ul,1);
T14=open('Data&Calibration\Dep1\T4.mat'); T14=T14.T4(ll:ul,1);
T1=[T12;T13;T14]; n1=length(T1);
T1B=[T1b;T12;T13];
ll=2000; ul=10000; %Dep 2
T2b=open('Data&Calibration\Dep2\T1.mat'); T2b=T2b.T1(ll:ul,1);
T22=open('Data&Calibration\Dep2\T2.mat'); T22=T22.T2(ll:ul,1);
T23=open('Data&Calibration\Dep2\T3.mat'); T23=T23.T3(ll:ul,1);
T24=open('Data&Calibration\Dep2\T4.mat'); T24=T24.T4(ll:ul,1);
T2=[T22;T23;T24]; n2=length(T2);
T2B=[T2b;T22;T23];
 
alpspace=linspace(log10(1E-8),log10(1E-5),100);
alp=10.^(alpspace); 
z=[.05,.1,.15]';
 
%Deployment 1
t1=[0:60:(n1-1)*60]';
delta_T1b=diff(T1B);
mT1=sum(T1)/n1;
 
for j=1:length(alp)
    for i=1:n1-1
        tau=t1(i+1)-t1(1:i);
        den=sqrt(4*alp(j).*tau);
        Tm1(i,j)=erfc(z(1)./den')*delta_T1b(1:i)+T1(length(T1));
    end
    %Offsetting to account for linear gradient
    mTm1(j)=sum(Tm1(:,j))/length(Tm1(:,j));
    Tf1(:,j)=Tm1(:,j)-(mTm1(j)-mT1);
    %Calculating Standard Deviations
    sd(j,1)=std(T1(2:n1)-Tf1(:,j));
end
 
%Deployment 2
t2=[0:60:(n2-1)*60]';
delta_T2b=diff(T2B);
mT2=sum(T2)/n2;
 
for j=1:length(alp)
    for i=1:n2-1
        tau=t2(i+1)-t2(1:i);
        den=sqrt(4*alp(j).*tau);
        Tm2(i,j)=erfc(z(1)./den')*delta_T2b(1:i)+T2(length(T2));
    end
    %Offsetting to account for linear gradient
    mTm2(j)=sum(Tm2(:,j))/length(Tm2(:,j));
    Tf2(:,j)=Tm2(:,j)-(mTm2(j)-mT2);
    %Calculating Standard Deviations
    sd(j,2)=std(T2(2:n2)-Tf2(:,j));
end
I1=find(sd(:,1)==min(sd(:,1)))
I2=find(sd(:,2)==min(sd(:,2)))
diff(1)=alp(I1)
diff(2)=alp(I2)
 
figure(1)
plot(log10(alp),sd,'o-')
xlabel('log(Diffusivity)'); ylabel('Standard Deviation')
legend('Deployment 1','Deployment 2');
title('Standard Deviation vs. Diffusivity');
 
figure(2)
subplot(2,1,1); plot(t1,T1B,'.r','marker','x','markersize',5); hold on;
plot(t1,T1,'.g','marker','x','markersize',5);
plot(t1(1:length(t1)-1),Tf1(:,I1),'m','linewidth',1.5);
subplot(2,1,2); plot(t2,T2B,'.r','marker','x','markersize',5); hold on;
plot(t2,T2,'.b','marker','x','markersize',5); 
plot(t2(1:length(t2)-1),Tf2(:,I2),'c','linewidth',1.5);
xlabel('Time [Seconds]'); ylabel('Temperature [C]');
legend('Bottom Water Data', 'Dep 1 Data', 'Dep 1 Best Fit','Dep 2 Data','Dep 2 Best Fit') 
Top	
-1.0	-0.75	-0.5	-0.25	0.0	0.25	0.5	0.75	1.0	0.657933224657568	0.756463327554629	0.811130830789687	0.93260334688322	1.0	1.14975699539774	1.23284673944207	1.32194114846603	1.519911082952929	Middle	
-1.0	-0.75	-0.5	-0.25	0.0	0.25	0.5	0.75	1.0	1.23284673944207	1.32194114846603	1.41747416292681	1.519911082952929	1.629750834620641	1.629750834620641	1.747528400007679	1.87381742286038	1.87381742286038	Bottom	
-1.0	-0.75	-0.5	-0.25	0.0	0.25	0.5	0.75	1.0	0.187381742286038	0.200923300256505	0.200923300256505	0.215443469003188	0.215443469003188	0.231012970008316	0.231012970008316	0.247707635599171	0.247707635599171	Depth error (cm)
Thermal diffusivity (x10-7 m2 s-1)
10 cm	-1.0	-0.75	-0.5	-0.25	0.0	0.25	0.5	0.75	1.0	24.35366724453669	18.88691692103103	13.02509973822115	6.739665311678012	0.0	0.0	7.22672220103237	14.97569953977364	14.97569953977364	15 cm	-1.0	-0.75	-0.5	-0.25	0.0	0.25	0.5	0.75	1.0	13.02509973822171	6.739665311677732	6.739665311677732	0.0	0.0	7.226722201032517	7.226722201032517	14.97569953977375	14.97569953977375	5 cm	-1.0	-0.75	-0.5	-0.25	0.0	0.25	0.5	0.75	1.0	34.20667753424316	24.35366724453709	18.88691692103129	6.739665311678003	0.0	14.97569953977402	23.28467394420699	32.19411484660302	51.99110829529297	Depth error (cm)
Thermal diffusivity % error
Top	
-1.0	-0.75	-0.5	-0.25	0.0	0.25	0.5	0.75	1.0	4.430621457583884	5.094138014816377	5.59081018251222	6.135907273413181	7.054802310718649	7.742636826811276	8.497534359086454	9.3260334688322	9.770099572992252	Middle	
-1.0	-0.75	-0.5	-0.25	0.0	0.25	0.5	0.75	1.0	2.104904144512022	2.31012970008316	2.420128264794381	2.535364493970107	2.65608778294668	2.782559402207131	2.915053062825179	3.053855508833409	3.19926713779738	Bottom	
-1.0	-0.75	-0.5	-0.25	0.0	0.25	0.5	0.75	1.0	2.205130739903052	2.31012970008316	2.420128264794381	2.420128264794381	2.535364493970107	2.65608778294668	2.65608778294668	2.782559402207131	2.915053062825179	Depth Error (cm)
TD*107 (m2/s)
10 cm	-1.0	-0.75	-0.5	-0.25	0.0	0.25	0.5	0.75	1.0	20.75171016460812	13.02509973822146	8.883724388450952	4.545154333816455	0.0	4.761575278966926	9.749876549305996	14.97569953977364	20.45035402587837	15 cm	-1.0	-0.75	-0.5	-0.25	0.0	0.25	0.5	0.75	1.0	13.02509973822142	8.88372438845098	4.5451543338166	4.5451543338166	0.0	4.761575278966328	4.761575278966328	9.749876549305927	14.97569953977383	5 cm	-1.0	-0.75	-0.5	-0.25	0.0	0.25	0.5	0.75	1.0	37.1970855816575	27.79190981614541	20.7517101646084	13.02509973822165	0.0	9.749876549305646	20.4503540258781	32.19411484660283	38.4886371393871	Depth error (cm)
Thermal diffusivity % error
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