











ifj==1
data = (spectra_reader(fid))./c;

else

data = data +(spectra_reader(fid))./c;
end

end

figure

plot(data(:,1),data(:,2))

title(list(i, 1).name)
xlabel('Wavelength(nm)')
vlabel('Digital Number (DN)')
pause(1)

out_dir = strcat(list(i,1).name,".txt")';
dimwrite(out_dir,data)

clear data

end

A MATLAB executable to ingest Vis-NIR file spectrum obtained from the FieldSpec-4
HiRes spectroradiometer, average all spectra containing a search string, and write the resulting
averaged spectra to a specified file and file path. Programmatic inputs include the search string
(all file names containing the string will be processed), the output string (the output file name), a
suppression file (to enable or suppress the file deletion waring), and an output path (the directory
for the output file to be stored). It should be noted that the asd reader.m executable will delete all
.asd (raw data) files and that care should be taken to preserve the original data.
Invocation: [output] = spectra_reader(search string, ...

output string, ...

suppression flag, ...
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output path),;
Source Code:
%function [data] = spectra_reader(fid)

Yoprogram to read tab deliminted ASCII files from fieldspec viewpro
%data = [n by 2] matrix with wavelength and values
%fid = file ID for data;,
fid = fopen('lllite00000.asd.txt');
fmt = ["%s %s'];
data_raw = textscan(fid fmt,'HeaderLines’ I,...
'Delimiter’,"\t',...
'CollectOutput' 1),
data(:,1) = str2num(str2mat(data_raw{1,1}(:,1)));
data(:,2) = str2num(str2mat(data_raw{1,1}(:,2)));
fclose('all’);
%end

B.2.18. x_gen_fspec.m

A MATLAB executable to ingest Vis-NIR file spectrum obtained from the FieldSpec-4
HiRes spectroradiometer and generate the X matrix used for PLS/PCR regression and other
multiple sample computations. Programmatic inputs include a list of files to be ingested (file list)
and the directory the files are located in (path). Spectral data files are opened and the spectral
intensities at each wavelength are stored as sequential columns in the X matrix (and one row per
file).
Invocation: [x(:,:)] = x_gen fspec(proc_list,’C:/Users/cxg021/Desktop/NIR_WET’),
Source Code:
%x_gen_path

function [x] = x_gen_fspec(file list,path)
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[a b] = size(file_list);
%x = zeros(a,1869);
fori=1:1:a
if nargin ==
datal = dimread(file list{i,1},"\t');
elseif nargin == 2
datal = dlmread(strcat(path,'/" file list{i,1}),"\t');
else
disp('NARGIN!");
end
x(i,:) = datal(:,2)";

end

B.2.19. x_gen_mir.m

A MATLAB executable to ingest MIR spectral files obtained from the Nicolet 6700 FTIR
spectrometer and generate the X matrix used for PLS/PCR regression and other multiple sample
computations. Programmatic inputs include a list of files to be ingested (file_list) and the
directory the files are located in (path). Spectral data files are opened and the spectral intensities
at each wavelength are stored as sequential columns in the X matrix (and one row per file).
Invocation: [x(:.:)] =x_gen mir (proc_list,’C:/Users/cxg021/Desktop/NIR WET"),

Source Code:

%x_gen_path

function [x] = x_gen_mir(file_list,path)

[a b] = size(file_list);

x = zeros(a,1869);

fori=1:1:a
datal = csvread(strcat(path,”/ file list{i,1}));
[c d] = size(datal)
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if c == 1868
data3 = zeros(1869,2);
data3(1:1868,1:2) = datal(1:1868,1:2);
datal = data3;

end

forj=1:1:c
datal(j,1) = l/datal(c+1-j,1)*1e7;
datal(j,2) = datal (c+1-j,2);

end

x(i,:) = data2(:,2)";

end

B.3. Source Code and Executables Developed to Extract Optical Properties

The included programs were developed to ingest, process, and extract ultra-violet and
visible (OceanOptics USB-2000) and near-infrared to mid-infrared (Nicolet 6700) spectral data.
The purpose of this testing and subsequent processing were to extract optical properties of soils
including measurements of soil absorption spectrum and soil scattering spectrum.

B.3.1. dat_extraction.m

A MATLAB executable written to enable the acquisition of data from a graphical plot.
Specifically, published spectral data were converted into an array of numerical (x,y) values. The
data was ingested by loading an image file (.jpg or .gif) into MATLAB (via the immread
command). The program was executed from the MATLAB graphical user interface (GUI) by
pressing the F5 key.

Invocation: MATLAB GUI (F5)
Source Code:

pwd
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close all;, clear
im_mat = imread('Capture2.JPG');
out fid = 'Figure Take Off-dat’;
figurel = figure;
imagesc(im_mat)
axis('equal’)
axis('tight')
%odefine x- and y- axis with extends
disp('Select Origin')
check flag = 0;
while check flag ==
origin = ginput(1);
origin_x = input('Enter x value for origin’);
origin_y = input('Enter y value for origin’);
check flag = input('Origin Correct? (1 for yes, 0 for no)');
end
check flag = 0;
log flag y = input('ls Y-axis log scale?’)
while check flag ==
disp('Select End of Y-Axis')
v_end = ginput(1);
y_endv = input('Value of Y at end of axis?');
ify end(1,1) ~= origin(1,1)

flag = input('Is axis vertical?')

if flag ==

vy end(l,1) = origin(1,1),

end
end
check_flag = input('y-axis correct? (1 for yes, 0 for no)');
end

[ y=((y_end(1,2)-origin(1,2))"2+(v_end(1,1)-origin(1,1))"2)".5;
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if log_flag_y ==
y_endv = logl0(y_endv);
end
v = (v_endv-origin_y)/l y;
check flag = 0;
log flag x = input('ls X-axis log scale?’)
while check flag ==
disp('Select End of X-Axis')
x_end = ginput(1);
x_endv = input('Value of X at end of axis?');
if x_end(1,2) ~= origin(1,2)
flag = input('Is axis horizontal?')
if flag ==
x_end(1,2) = origin(1,2);
end
end
check flag = input('X-axis correct? (I for yes, 0 for no)');
end
[ x = ((x_end(1,2)-origin(1,2))"2+(x_end(1,1)-origin(1,1))"2)".5;
if log_flag x ==
x_endv = logl0(x_endv);
end
x_f=(x_endv-origin x)/ x;
n_s = input("How Many Series?’)
fori=1:1:n_s
msg = strcat({'Input Series # '}, num2str(i),{' '});
disp('"HIT RETURN TO EXIT');
[data(:,i+2*]-2) data(:,i+2*1-1)] = ginput;
if log_flag_y ==
out(:,i+2*1-1) = 10.Ny_f-*data(:,i+2*1-1));

else
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out(:,i+2*I1-1) =y f*data(:,i+2*I-1)
end
if log flag x ==
out(:,i+2*1-2) = 10.Nx_f. *data(:,i+2*1-2))
else
out(:,i+2*1-2) = x_f*data(:,i+2*I-2)
end
end

dimwrite(out fid,out(:,:), 'delimiter","’);

B.3.2. kaolinite_absorbtion.m

A MATLAB executable written to enable computation and visualization of the soil
absorption coefficient spectra for illite samples. Programmatic inputs included experimentally
obtained values of kaolinite reflectance at a mass fraction of 2 (KN2 REFLECT), 4
(KN4 REFLECT), and (KN6_REFLECT). In addition a pure potassium bromide (KBr)
reflectance spectrum was required. The program was executed using the MATLAB GUI by
pressing the F5 key.

Invocation: MATLAB GUI (F5)
Source Code:

%NEW FIGURE PLOT SCRIPT BECAUSE EXCEL KEEPS CRASHING
%KAOLIN BASED ON EARLIER DONNA SCRIPT

clear

cle

close('all’),

%%file list

[KBR] = KBR_REFLECT;

[DF2] = KN2 REFLECT;

[DF4] = KN4 REFLECT;
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[DF6] = KN6 REFLECT;

DF2(:,2) = 100.*DF2(:,2)

figurel = figure('units’,'inches’,’'pos’,[0 0 6.5 3]);

subplotl = subplot(1,1,1)

box(subplotl,'on’);

hold(subplotl,'all’);

plot(KBR(:,1),KBR(:,2),'LineStyle’,"-",'Color',[0 0 0])

plot(DF2(:,1),DF2(:,2),'LineStyle’,"-",'Color',[0.15 0.15 0.15])

Yoplot(DF4(:,1),DF4(:,2),'LineStyle’,"-",'Color',[0.30 0.30 0.30])

Y%plot(DF6(:,1),DF6(:,2),'LineStyle’,"-",'Color',[0.45 0.45 0.45])

viabel("Reflectance Ratio, R \infty, [I/I 0]''FontName','Times New Roman’,...
'FontSize', 12);

xlabel('Wavelength, \lambda, [nm]','FontName','Times New Roman’,...
'FontSize' 12);

set(subplotl,'Ylim',[0 100], Xlim',[400 2500],...
'FontName','Times New Roman','FontSize',12,...
'XTick',[400 700 1000 1300 1600 1900 2200 2500],...
'XTickLabel',[400 700 1000 1300 1600 1900 2200 2500],...
"YTick',[0 20 40 60 80 100],...
"YTickLabel',[0 20 40 60 80 100]);

% legendl = legend(subplotl,'show’);

% set(legendl,'String’,{'"Donna Fill' 'lllite’ 'Kaolinite'},...

% 'FontName', 'Times New Roman',...

%  'FontSize'8),

% set(legendl,'LineStyleOrder',{'d",'o",'s"})

% set(legendl,'EdgeColor',[1 1 1],'YColor'[1 1 1],'XColor',[1 1 1],...

% 'Position’,[0.328143513497517 0.631983077468714 0.06003716216216216

0.0793246187363835],...
% 'LineStyleOrder',{'d"'s" 'o"},...
% 'FontSize'8);

kmf kbr = KUBELKA(KBR);
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kmf df2 = KUBELKA(DF?2),

kmf df4 = KUBELKA(DF4),

kmf df6 = KUBELKA(DF6),

%%

k _kbr = 10e-4;

s_kbr = k_kbr./kmf kbr(:,2);

k df2(:,1) = kmf df2(:,1);

k df4(:,1) = kmf df4(:,1);

k_dfo(:,1) = kmf df6(:,1);

k_df2(:,2) = (1/.02).%(0.98%kmf df2(:,2).*s_kbr(:,1));

k_df4(:,2) = (1/.04).*(0.96*kmf df4(:,2).*s_kbr(:,1));

k_df6(:,2) = (1/.06).*(0.94%kmf df6(:,2).*s_kbr(:,1));

k df2 2(:1) = kmf df2(:,1),

k df4_2(:,1) = kmf df4(:,1),

k df6_2(:,1) = kmf df6(:,1),

k df2 2(:,2) = (1/.02).*s_kbr(:,1).*(kmf df2(:,2)-kmf kbr(:,2));

k df4_2(:,2) = (1/.04).*s_kbr(:,1).*(kmf df4(:,2)-kmf kbr(:,2));

k_df6_2(:,2) = (1/.06).*s_kbr(:,1).*(kmf df6(:,2)-kmf kbr(:,2));

[illl ill12] = illite_gil74,
figure2 = figure('units’,'inches’,'pos’,[0 0 6.5 3]);

subplot2 = subplot(1,1,1)

box(subplot2,'on’);

hold(subplot2,'all’);
plot(k_df2(:,1),k_df2(:,2),'LineWidth',2,'LineStyle','-",'Color',[0 0 0])
plot(k_df2 2(:,1),k_df2 2(:,2),'LineWidth’2,'LineStyle',-.","Color’,[0 0 0]),
Yoplot(k_df4(:,1),k_df4(:,2),'LineStyle’,'-",'Color',[0.5 0.5 0.5]),
plot(k_df4(:,1),k_df4(:,2),'LineWidth',2,'LineStyle',’-",'Color',[0.15 0.15 0.15])
plot(k_df4 _2(:,1),k_df4 2(:,2),'LineWidth'2,'LineStyle","-.",'Color',[0.15 0.15 0.15]);
plot(k_df6(:,1),k_df6(:,2),'LineWidth',2,'LineStyle',"-",'Color',[0.30 0.30 0.30])
plot(k_df6_2(:,1),k _df6_2(:,2),'LineWidth',2, 'LineStyle',"-.",'Color’,[0.30 0.30 0.30] ),

Yoplot(k_df2(:,1),k_df2(:,2),'LineWidth' 2, LineStyle","-','Color',[0 0 0]),
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Yoplot(k_df2 2(:,1),k df2 _2(:,2),'LineWidth',2,'LineStyle',"-.",'Color',[0 0 0]),
Yoplot(k_df4(:,1),k_df4(:,2),'LineStyle’,'-",'Color',[0.5 0.5 0.5]),
Yoplot(k_df4_2(:,1),k_df4_2(:,2),'LineWidth’ 2, 'LineStyle',"-.",'Color',[0.15 0.15 0.15]),
Yoplot(k_df6(:, 1),k _dfo(:,2),'LineWidth' 2, LineStyle',"-','Color',[0.45 0.45 0.45]);
Yoplot(k_df6_2(:,1),k_df6_2(:,2),'LineWidth',2,'LineStyle',"-.",'Color',[0.30 0.30 0.30]),
[kn_lit] kn_lit2] = kn_lit pat77;
plot(kn_litl(:,1),kn_lit1(:,2),'LineStyle’,'none’,'Marker','d',...
'"MarkerFaceColor',[0 0 0],...
'"MarkerEdgeColor',[0 0 0],...
'"MarkerSize',8),
plot(kn_lit2(:,1),kn_lit2(:,2),'LineWidth',2,'MarkerSize', 2, 'LineStyle',"--','Color',[0. 0. 0.]);
plot([625 625 675 675],[-100 5 5 -100],'LineStyle',":",'Color',[0 0 0] ),
plot([1000 1000],[-100 1000], LineStyle",".","Color',[0 0 0] ),
vlabel('Absorption, k, [cm ~-"1]','FontName','Times New Roman',...
'FontSize',12);
xlabel('Wavelength, \lambda, [nm]','FontName','Times New Roman',...
'FontSize',12);
set(subplot2,'Xlim',[400 2500], Ylim',[0 15],...
'FontName' 'Times New Roman','FontSize' 12,...
'XTick',[400 700 1000 1300 1600 1900 2200 2500],...
'XTickLabel',[400 700 1000 1300 1600 1900 2200 2500],...
'YTick',[02.55.07.51012.515],...
'YTickLabel',[02.5 5.0 7.5 10 12.5 15]),
Yoset(subplotl,'Ylim',[0 100],'Xlim’,[400 2500],...
% 'FontName','Times New Roman','FontSize' 12,...
% 'XTick',[400 700 1000 1300 1600 1900 2200 2500],...
% 'XTickLabel',[400 700 1000 1300 1600 1900 2200 2500],...
% 'YTick',[0 20 40 60 80 100],...
% 'YTickLabel',[0 20 40 60 80 100]),
set(subplot2,'LineStyleOrder" {"-"'-.""-""-.""-" - 'd" "= "})

legendl = legend(subplot2,'show’);
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set(legendl,'String’,{'2 Percent Kaolinite™1''2 Percent Kaolinite™2' ...
'4 Percent Kaolinite™1' '4 Percent Kaolinite™2' ...
'6 Percent Kaolinite™1''6 Percent Kaolinite™2' ...
'Kaolinite"3',...
'Kaolinite™'},...
'LineStyleOrder’ {'-"'-.","-" =" "-" -0 1d" =)L
'FontName' 'Times New Roman’,...
'FontSize',9),
% set(legendl, 'LineStyleOrder" {'-"'-""-"'"-""-"'-"})
set(legendl,'EdgeColor',[1 1 1],'YColor',[1 1 1],'XColor',[1 1 1],...
'Position’,[0.590 0.34 0.1 0.2],...
'Color’,'none’,...
'LineStyleOrder", {'-","-.","-","-",) =" =" 'd" ="}
'FontSize' 9,...
'PlotBoxAspectRatioMode','manual’,...
'PlotBoxAspectRatio',[1 0.8 1]);
text] = annotation(figure2, textbox",...
'Position’,[0.14 0.82 0.1 0.1],...
'String',{'Ocean Optics CCD'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 9,...
'LineStyle’,'none’);
text2 = annotation(figure2, textbox",...
'Position’,[0.35 0.82 0.1 0.1],...
'String',{'Nicolet FTIR InGaAs (KCI Beam Splitter)'},...
'Color',[0 0 0],...
'LineWidth',0,...

'EdgeColor'[1 1 1],...
423



'FontName','Times New Roman’,...
'FontSize' 9, ...
'LineStyle’,'none’);

text3 = annotation(figure?2, 'textbox’,...
'Position’,[0.14 0.45 0.1 0.1],...
'String',{'Contamination From'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor' [1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 9,...
'LineStyle’,'none’);

text4d = annotation(figure2, textbox",...
'Position’,[0.18 0.40 0.1 0.1],...
'String',{'Red Laser'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 9,...
'LineStyle’,'none’);

text5 = annotation(figure2, textbox",...
'Position’,[0.35 0.78 0.1 0.1],...
'String',{"" 1 Calculated from Literature Value of KBr (Hakim et al. 2013)'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize',9,...
'LineStyle’,'none’);

text5 = annotation(figure2, textbox',...
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'Position’,[0.35 0.74 0.1 0.1],...
'String',{""2Calculated using Patterson et al. 1977'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 9,...
'LineStyle’,'none’);

text6 = annotation(figure2, textbox",...
'Position’,[0.505 0.65 0.1 0.1],...
'String', {4 (Lindberg and Laude 1974)"},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize'9,...
'LineStyle’,'none’);

text7 = annotation(figure2, textbox",...
'Position’,[0.35 0.70 0.1 0.1],...
'String',{""3(Schober and Lohmannsrobe 2000)"},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize',9,...
'LineStyle’,'none’);

%otextl (boxoff),

%otext2(boxoff),

legend("boxoff’);

set(subplot2,'Color','none’);

plot([2190 2190 2215 2190 2190],/0.25 1.75 1.75 0.25 0.25],","Color',[0 0 0])
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handaxes2 = axes('Position',[0.40 0.40 0.05 0.30]),
Yoset(
hold(handaxes2,'on’);
set(handaxes?2,'aspectratio’,[1 §])
plot(k_df2(:,1),k_df2(:,2),'LineWidth',2,'LineStyle',-",'Color',[0 0 0]);
plot(k_df2 2(:,1),k _df2 2(:,2),'LineWidth',2,'LineStyle','-.",'Color', [0 0 0] ),
plot(k_df4(:,1),k_df4(:,2),'LineWidth',2,'LineStyle','-","Color',[0.15 0.15 0.15]);
plot(k_df4 2(:, 1),k _df4 2(:,2),'LineWidth',2, 'LineStyle',"-.",'Color’,[0.3 0.3 0.3]);
plot(k_df6(:,1),k_df6(:,2),'LineWidth',2,'LineStyle','-",'Color',[0.45 0.45 0.45]),
plot(k_df6_2(:, 1),k _df6_2(:,2),'LineWidth',2, 'LineStyle',"-.",'Color',[0.45 0.45 0.45]);
set(handaxes2, xlim',[2205 2215],...
lim' [0.5 1.75],'YTick',[0.5 1.75],'XTick',[2205 2215],...
'YTickLabel',[0.5 1.75],' XTickLabel',[2205 2215], FontSize',9,'FontName','Times New
Roman');
viabel('Absorption’,'FontSize' 9,'FontName','Times New Roman')
xlabel('Wavelength','FontSize',9,'FontName','Times New Roman')

B.3.3. KUBELKA.m

A MATLAB executable written to compute the Kubelka-Munk transform on reflected
UV-NIR data. Programmatic inputs included the observed reflectance spectra. Program was
executed as a subroutine to other scripts including kaolin_absorption.m
Invocation: [kmf( :, :)] = KUBELKA(reflect( :,1 :2)] ;

Source Code:

function [KMF] = KUBELKA(REFLECT DATA)

KMF(:,1) = REFLECT DATA(:,1);

REFLECT DATA(:,2) = REFLECT DATA(:,2)./100;

%KMF(:,2) = ((1.-(REFLECT(:,2))).”2)./(2.¥(REFLECT(:,2)));
KMF(:,2) = ((I-REFLECT DATA(:,2))."2)./(2.*REFLECT DATA(:,2));

end
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B.3.4. KBR reflect fig.m

A MATLAB script written to generate a KBr reflectance spectra for publication. The
program was executed using the MATLAB GUI by pressing the F5 button. The output figure was
exported as an encapsulated post script.
Invocation: MATLAB GUI (F5)
Source Code:

clear,clc,close("all’);
kbr = KBR REFLECT;
figurel = figure('units’,"inches’,'pos’,[0 0 2.67 1.08]);
Yosubplotl = subplot(3,3,1)
figurel = plot(kbr(:,1),kbr(:,2),"-k");
set(figurel,'FontName','TimesNewRoman','FontSize'$,...
"Ylim',[60 100],'Xlim',[400 2500],...
'FontName' 'Times New Roman','FontSize',S,...
'XTick',[400 1450 2500],...
'XTickLabel',[400 1450 2500],...
'YTick',[50 75 100],...
'YTickLabel',[50 75 100]),
xlabel('Wavelength, \lambda [nm]’,...
'FontName','TimesNewRoman','FontSize',8)
vilabel('Reflection, R \infty [%] ...

'FontName','TimesNewRoman','FontSize',8)

B.3.5. Flow_fig.m
A MATLAB script written to generate a figure illustrating the work flow in obtaining soil
optical parameters from reflectance data for publication. Programmatic inputs are fixed (i.e. are

set in the code) and included Donna Fill and KBr reflectance date. It should be noted that this
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script was written to function only with the included data. The program was executed using the
MATLAB GUI by pressing the F5 key.

Invocation: MATLAB GUI (F5)

Source Code:

%FIGURES FOR RAC
clear,clc,fclose('all’),close('all’),
%3 x 2 subplot
figurel = figure('units’,'inches’,'pos’,[0 0 6.5 4]);
Yofigure 1
%FIGURES FOR RAC
%3 x 3 subplot
Yofigure 7
%KMF FOR KBR (100)
kbr = KBR REFLECT;
kmf = KUBELKA(kbr);
skbr(:,1) = kmf(:,1);
skbr(:,2) = (1*10™-4).\kmf(:,2);
kmf = KUBELKA(IL4 REFLECT)
kill = kmf(:,1)
kill(:,2) = skbr(:,2). *kmf{:,2)./0.02;
kill(:,2) = kill(:,2)./kill(:,2) *1 e-4
subplot8 = subplot(3,3,8)
plot(kill(:,1),kill(:,2),"-k");
set(subplot8','FontName','TimesNewRoman','FontSize',§, ...
"Ylim',[0 2e-4],'Xlim',[400 2500],...
'FontName','Times New Roman','FontSize',$,...
'XTick',[400 1450 2500],...
'XTickLabel',[400 1450 2500],...
'YTick',[0 1e-4 2e-4],...

428



'YTickLabel',[{'0"} {'1e-4"} {'2e-4"}]),

xlabel('Wavelength, \lambda [nm]’,...
'FontName','TimesNewRoman','FontSize',8)

vilabel('Absorsption, k [cm™-M]',...

'FontName','TimesNewRoman','FontSize',8)

B.3.6. u_donna_absorb.m

A MATLAB script written to compute and visualize the absorption spectra for Donna Fill.
Programmatic inputs included the 2 percent (DF2 _REFLECT), 4 percent (DF4 REFLECT), and
6 percent (DF6_Reflect) mass fraction Donna Fill samples. An additional input was the 100
percent KBr reflectance spectra (KBR_REFLECT). The program was executed using the
MATLAB GUI by pressing the F5 key.

Invocation: MATLAB GUI (F5)
Source Code:

%NEW FIGURE PLOT SCRIPT BECAUSE EXCEL KEEPS CRASHING
%DONNA FILL

clear

cle

close('all’),

%%file list

[KBR] = KBR_REFLECT;

[DF2] = DF2 REFLECT;

[DF4] = DF4 REFLECT;

[DF6] = DF6_REFLECT;

figurel = figure('units’,'inches’,'pos’,[0 0 6.5 3]);
subplotl = subplot(1,1,1)

box(subplotl,'on’);

hold(subplotl,'all’);
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plot(KBR(:,1),KBR(:,2), 'LineWidth',2, 'LineStyle',"-",'Color',[0 0 0])
plot(DF2(:,1),DF2(:,2),'LineWidth',2,'LineStyle',"-",'Color',[0.15 0.15 0.15])
plot(DF4(:,1),DF4(:,2),'LineWidth', 2, 'LineStyle","-','Color',[0.30 0.30 0.30])
plot(DF6(:,1),DF6(:,2),'LineWidth',2,'LineStyle',"-",'Color', [0.45 0.45 0.45])
vlabel('Reflectance Ratio, R \infty, [I/I 0]','FontName','Times New Roman’,...

'FontSize' 12);

xlabel('Wavelength, \lambda, [nm]','FontName','Times New Roman',...

'FontSize',12);

set(subplotl,'Ylim'",[0 100], 'Xlim", [400 2500],...

'FontName' 'Times New Roman','FontSize' 12,...
'XTick',[400 700 1000 1300 1600 1900 2200 2500],...
'XTickLabel',[400 700 1000 1300 1600 1900 2200 2500],...
'YTick',[0 20 40 60 80 100],...

"YTickLabel',[0 20 40 60 80 100]),

legendl = legend(subplotl,'show’);
set(legendl,'String',{"Donna Fill' 'lllite' 'Kaolinite'},...
'FontName','Times New Roman’',...
'FontSize'8),
set(legendl,'LineStyleOrder',{'d",'0",'s"})
set(legendl,'EdgeColor',[1 1 1],'YColor',[1 1 1],'XColor',[1 1 1],...
'Position’,[0.328143513497517 0.631983077468714 0.06003716216216216
0.0793246187363835],...
'LineStyleOrder',{'d"'s" 'o"},...
'FontSize'8),

kmf kbr = KUBELKA(KBR);
kmf df2 = KUBELKA(DF?2);
kmf df4 = KUBELKA(DF4),
kmf df6 = KUBELKA(DF6),
%%

k _kbr = 10e-4;

s_kbr = k_kbr\kmf kbr(:,2);
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k_df2(:,1) = kmf_df2(:,1);

k df4(:,1) = kmf df4(:,1);

k_dfo(:,1) = kmf df6(:,1);

k df2(:,2) = (1/.02).%(0.98%mf df2(:,2).*s_kbr(:,1));

k_df4(:,2) = (1/.04).*(0.96*kmf df4(:,2).*s_kbr(:,1));

k_df6(:,2) = (1/.06).*(0.94*kmf df6(:,2).*s_kbr(:,1));

k df2 2(:,1) = kmf df2(:,1),

k df4_2(:1) = kmf df4(:,1),

k df6_2(:,1) = kmf df6(:,1),

k df2 2(:,2) = (1/.02).%s_kbr(:,1).*(kmf df2(:,2)-kmf kbr(:,2));

k df4_2(:,2) = (1/.04).%s_kbr(:,1).*(kmf df4(:,2)-kmf kbr(:,2));

k df6_2(:,2) = (1/.06).*s_kbr(:,1).*(kmf df6(:,2)-kmf kbr(:,2));

[illl ill2] = illite gil74;

figure2 = figure('units’,'inches’,'pos’,[0 0 6.5 3]);

subplot2 = subplot(1,1,1)

box(subplot2,'on’);

hold(subplot2,'all’);

Yoplot(k_df2(:,1),k_df2(:,2),'LineStyle’,'-",'Color',[0 0 0])
Yoplot(k_df4(:,1),k_df4(:,2),'LineStyle’,-",'Color',[0.15 0.15 0.15])
Yoplot(k_df6(:,1),k_df6(:,2),'LineStyle’,-",'Color',[0.30 0.30 0.30])
plot(k_df2(:,1),k_df2(:,2),'LineWidth',2,'LineStyle',"-",'Color',[0 0 0] ),
plot(k_df2 2(:,1),k _df2 _2(:,2),'LineWidth',2, 'LineStyle',"-.",'Color',[0 0 0]),
plot(k_df4(:,1),k_df4(:,2),'LineWidth', 2, 'LineStyle','-",'Color',[0.15 0.15 0.15]),
plot(k_df4 _2(:,1),k_df4 2(:,2),'LineWidth' 2, LineStyle’,"-.",'Color",[0.15 0.15 0.15]);
plot(k_df6(:,1),k_df6(:,2),'LineWidth',2,'LineStyle','-","Color’,[0.45 0.45 0.45]);
plot(k_df6_2(:, 1),k _df6_2(:,2),'LineWidth',2, 'LineStyle',"-.",'Color',[0.45 0.45 0.45]);
Yoplot(illl(:,1),ill1(:,2),'LineStyle’,":",'Color',[0.75 0.75 0.75]),
Yoplot(ill2(:,1),ill2(:,2), LineStyle’,":",'Color',[0.75 0.75 0.75]),

plot([625 625 675 675],[-100 100 100 -100],'LineStyle',":",'Color',[0 0 0]);
plot([2150 2150 2250 2250 2150],[1 35 35 1 1],'LineStyle’,"-','Color',[0 0 0]),

plot([1000 1000],/-100 1000], LineStyle',":",'Color', [0 0 0]);
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vlabel('Soil Absorption, k s o i I, [cm "] 'FontName','Times New Roman',...
'FontSize' 12);
xlabel('Wavelength, \lambda, [nm]','FontName','Times New Roman',...
'FontSize',12);
set(subplot2,'Xlim',[400 2500],'Ylim',[0 300],...
'FontName' 'Times New Roman','FontSize' 12,...
'XTick',[400 700 1000 1300 1600 1900 2200 2500],...
'XTickLabel',[400 700 1000 1300 1600 1900 2200 2500],...
'YTick',[0 50 100 150 200 250 300],...
'YTickLabel',[0 50 100 150 200 250 300]),
Yoset(subplotl,"Ylim',[0 100],'Xlim’,[400 2500],...
% 'FontName','Times New Roman','FontSize' 12,...
% 'XTick',[400 700 1000 1300 1600 1900 2200 2500],...
% 'XTickLabel',[400 700 1000 1300 1600 1900 2200 2500],...
% 'YTick',[0 20 40 60 80 100],...
% 'YTickLabel',[0 20 40 60 80 100]),
legendl = legend(subplot2,'show’);
set(legendl,'String',{'2% Donna Fill"]' 2% Donna Fill*2' ...
'4% Donna Fill*"l' '4% Donna Fill"2' ...
'6% Donna Fill"l' '6% Donna Fill"2' ...
e
'FontName','Times New Roman’,...
'FontSize',9),
% set(legendl,'LineStyleOrder’ {"-,"-","-" """ "-"})
set(legendl,’'EdgeColor',[1 1 1],'YColor',[1 1 1],'XColor',[1 I 1],...
'Position’,[0.705 0.38 0.1 0.2],...
'‘Color' 'none’...
'LineStyleOrder',{'d"'s",'o"},...
'FontSize',9,...
'PlotBoxAspectRatioMode','manual’,...

'PlotBoxAspectRatio',[1 0.6 1]);
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text] = annotation(figure2, textbox",...
'Position’,[0.14 0.8 0.1 0.1],...
'String',{'Ocean Optics CCD'"},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize'9,...
'LineStyle’,'none’);

text2 = annotation(figure2, textbox",...
'Position’,[0.45 0.8 0.1 0.1],...
'String',{'Nicolet FTIR InGaAs (KCIl Beam Splitter)'},...
'Color',[0 0 0],...
'‘LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName','Times New Roman’,...
'FontSize'9,...
'LineStyle’, 'none’);

text3 = annotation(figure2, textbox',...
'Position’,[0.14 0.45 0.1 0.1],...
'String', {'Contamination From'},...
'Color',[0 0 0],...
'‘LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName','Times New Roman',...
'FontSize'9,...
'LineStyle’,'none’);

text4 = annotation(figure?2, 'textbox’,...
'Position’,[0.18 0.40 0.1 0.1],...
'String',{'Red Laser'},...

'‘Color',[0 0 0],...
433



'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize'9,...
'LineStyle’,'none’);

text5 = annotation(figure2, textbox',...
'Position’,[0.35 0.755 0.1 0.1],...
'String',{'"" 1 Calculated using Hakim et al. (2013) KBr value'},...
'Color',[0 0 0],...
'‘LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName','Times New Roman’,...
'FontSize',9,...
'LineStyle’,'none’);

text5 = annotation(figure?2, 'textbox’,...
'Position’,[0.35 0.71 0.1 0.1],...
'String',{""2Calculated using Patterson et al. (1977) method'},...
'Color',[0 0 0],...
'‘LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName','Times New Roman',...
'FontSize'9,...
'LineStyle’,'none’);

text6 = annotation(figure?2, 'textbox’,...
'Position’,[0.72 0.22 0.1 0.1],...
'String',{'Spectral Feature'},...
'Color',[0 0 0],...
"LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName','Times New Roman’,...

'FontSize' 9,...
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'LineStyle’,'none’);

%otextl (boxoff);

Yotext2(boxoff);

legend("boxoff’);
set(subplot2,'Color','none’);

%oset(subplot2,'Color','none’);
plot([1365 1365 1405 1405 1365],[10 90 90 10 10],'-",'Color',[0 0 0])
handaxes2 = axes('Position',[0.46 0.50 0.06 0.20]),

Yoset(

hold(handaxes2,'on’);

axis('equal’)
plot(k_df2(:,1),k_df2(:,2),'LineWidth'2,'LineStyle',"-",'Color',[0 0 0]);
plot(k_df2 2(:, 1),k _df2 2(:,2),'LineWidth',2, 'LineStyle',"-.",'Color',[0 0 0]),
plot(k_df4(:,1),k_df4(:,2),'LineWidth',2,'LineStyle',’-",'Color',[0.15 0.15 0.15]),
plot(k_df4 2(:,1),k_df4 2(:,2),'LineWidth'2,'LineStyle","-.",'Color',[0.3 0.3 0.3]),
plot(k_df6(:,1),k_df6(:,2),'LineWidth',2,'LineStyle','-","Color’,[0.45 0.45 0.45]);
plot(k_df6_2(:, 1),k _df6_2(:,2),'LineWidth',2, 'LineStyle',"-.",'Color',[0.45 0.45 0.45]);
set(handaxes2, xlim',[1365 1405],...

Yiim',[10 70],'YTick',[10 70],'XTick',[1365 1405],'FontSize',9,'FontName','Times New Roman')

viabel('Absorption’,'FontSize' 9,'FontName','Times New Roman')

xlabel('Wavelength','FontSize',9,'FontName','Times New Roman')

B.3.7. u_illite_absorb.m

A MATLAB script written to compute and visualize the absorption spectra for Donna Fill.
Programmatic inputs included the 2 percent (DF2 REFLECT), 4 percent (DF4 REFLECT), and
6 percent (DF6_Reflect) mass fraction Donna Fill samples. An additional input was the 100
percent KBr reflectance spectra (KBR_REFLECT). The program was executed using the
MATLAB GUI by pressing the F5 key.

Invocation: MATLAB GUI (F5)
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Source Code:

%NEW FIGURE PLOT SCRIPT BECAUSE EXCEL KEEPS CRASHING

%DONNA FILL

clear

cle

close('all’),

%%file list

[KBR] = KBR_REFLECT;

[DF2] =IL2 REFLECT;

[DF4] = 1L4 REFLECT;

[DF6] = IL6 REFLECT;

figurel = figure('units’,'inches’,’'pos’,[0 0 6.5 3]);

subplotl = subplot(1,1,1)

box(subplotl,'on’);

hold(subplotl,'all’);

plot(KBR(:,1),KBR(:,2), 'LineWidth' 2, 'LineStyle',"-",'Color',[0 0 0])

plot(DF2(:,1),DF2(:,2),'LineStyle’,"-",'Color',[0.15 0.15 0.15])

plot(DF4(:,1),DF4(:,2),'LineStyle’,"-','Color',[0.30 0.30 0.30])

plot(DF6(:,1),DF6(:,2),'LineStyle’,"-",'Color',[0.45 0.45 0.45])

vlabel('Reflectance Ratio, R \infty, [I/I 0]','FontName','Times New Roman',...
'FontSize',12);

xlabel('Wavelength, \lambda, [nm]','FontName','Times New Roman',...
'FontSize',12);

set(subplotl,'Ylim',[0 100],'Xlim',[400 2500],...
'FontName' 'Times New Roman' 'FontSize' 12,...
'XTick',[400 700 1000 1300 1600 1900 2200 2500],...
'XTickLabel',[400 700 1000 1300 1600 1900 2200 2500],...
"YTick',[0 20 40 60 80 100],...
"YTickLabel',[0 20 40 60 80 100]),

% legendl = legend(subplotl,'show’);
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% set(legendl,'String’,{'"Donna Fill' 'lllite' 'Kaolinite'},...

% 'FontName', 'Times New Roman',...

%  'FontSize'8),

% set(legendl,'LineStyleOrder' {'d",'o",'s"})

% set(legendl,'EdgeColor',[1 1 1],"YColor'[1 1 1],'XColor',[1 1 1],...

% 'Position’,[0.328143513497517 0.631983077468714 0.06003716216216216
0.0793246187363835],...

% 'LineStyleOrder',{'d"'s" 'o"},...

% 'FontSize'8);

kmf kbr = KUBELKA(KBR);

kmf df2 = KUBELKA(DF2),

kmf df4 = KUBELKA(DF4),

kmf df6 = KUBELKA(DF6),

%%

k_kbr = 10e-4;

s_kbr =k _kbr\kmf kbr(:,2);

k_df2(:,1) = kmf_df2(:,1);

k df4(:,1) = kmf df4(:,1);

k_dfo(:,1) = kmf df6(:,1);

k_df2(:,2) = (1/.02).%(0.98%kmf df2(:,2).*s_kbr(:,1));

k df4(:,2) = (1/.04).*%(0.96*kmf df4(:,2).*s_kbr(:,1));

k_df6(:,2) = (1/.06).*(0.94*kmf df6(:,2).*s_kbr(:,1));

k_df2_2(:1) = kmf_df2(:,1);

k df4 2(:1) = kmf df4(:,1);

k df6_2(:,1) = kmf dfo(:,1),

k df2 2(:,2) = (1/.02).%s_kbr(:,1).*(kmf df2(:,2)-kmf kbr(:,2));

k_df4_2(:,2) = (1/.04).%s_kbr(:,1).*(kmf df4(:,2)-kmf kbr(:,2));

k_df6_2(:,2) = (1/.06).*s_kbr(:,1).*(kmf df6(:,2)-kmf kbr(:,2));

[ill1 il12] = illite gil74;

figure2 = figure('units’,'inches’,'pos’,[0 0 6.5 3]);

subplot2 = subplot(1,1,1)
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box(subplot2,'on’);
hold(subplot2,'all’);
Yoplot(k_df2(:,1),k_df2(:,2),'LineStyle’,-",'Color',[0 0 0])
Yoplot(k_df4(:,1),k_df4(:,2),'LineStyle’,-",'Color',[0.15 0.15 0.15])
Yoplot(k_df6(:,1),k_df6(:,2),'LineStyle’,'-",'Color',[0.30 0.30 0.30])
plot(k_df2(:, 1),k _df2(:,2),'LineWidth' 2, LineStyle',"-','Color",[0 0 0] ),
plot(k_df2 2(:,1),k_df2 2(:2),'LineWidth’2,'LineStyle’,-.","Color',[0 0 0]),
plot(k_df4(:,1),k_df4(:,2),'LineWidth',2,'LineStyle','-","Color',[0.15 0.15 0.15]);
plot(k_df4_2(:,1),k _df4_2(:,2),'LineWidth',2, 'LineStyle',"-.",'Color’,[0.3 0.3 0.3]);
plot(k_df6(:,1),k_dfo6(:,2),'LineWidth', 2, 'LineStyle',’-",'Color',[0.45 0.45 0.45]),
plot(k_df6_2(:,1),k_df6_2(:,2),'LineWidth' 2, LineStyle’,"-.",'Color',[0.45 0.45 0.45]);
plot(illl(:,1),ill1(:,2),'LineWidth' 2, 'LineStyle","",'Color', [0.45 0.45 0.45]);
plot(ili2(:,1),ill2(:,2),'LineWidth' 2, 'LineStyle',":",'Color',[0.45 0.45 0.45]),
plot([600 600 675 675],[-100 100 100 -100],'LineStyle',":",'Color',[0 0 0]);
plot([2100 2100 2300 2300 2100],[1 40 40 1 1],'LineStyle',”-",'Color',[0 0 0]);
plot([1000 1000],[-100 1000], 'LineStyle",".","Color',[0 0 0] ),
vlabel('Soil Absorption, k s o i I, [cm "] 'FontName','Times New Roman',...
'FontSize' 12);
xlabel('Wavelength, \lambda, [nm]','FontName','Times New Roman',...
'FontSize', 12);
set(subplot2,'Xlim',[400 2500], 'Ylim',[0 300],...
'FontName','Times New Roman','FontSize',12,...
'XTick',[400 700 1000 1300 1600 1900 2200 2500],...
'XTickLabel',[400 700 1000 1300 1600 1900 2200 2500],...
'YTick',[0 50 100 150 200 250 300],...
"YTickLabel',[0 50 100 150 200 250 300]),
%set(subplotl,'Ylim',[0 100],'Xlim',[400 2500],...
% 'FontName' 'Times New Roman' 'FontSize' 12,...
% 'XTick',[400 700 1000 1300 1600 1900 2200 2500],...
% 'XTickLabel',[400 700 1000 1300 1600 1900 2200 2500],...

% 'YTick',[0 20 40 60 80 100],...
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% 'YTickLabel',[0 20 40 60 80 100]),
legendl = legend(subplot2,'show’);
set(legendl,'String',{'2% Illite™1' '2% Illite™2’ ...
'4% Illite™1' '4% Illite™2' ...
'6% Illite™1' '6% Illite™2' ...
'lllite (Gillespie et al. 1974)'},...
'FontName' 'Times New Roman’,...
'FontSize',9),
% set(legendl, 'LineStyleOrder" {'-"'-""-"'"-""-"'-"})
set(legendl,'EdgeColor',[1 1 1],'YColor',[1 1 1],'XColor',[1 1 1],...
'Position’,[0.705 0.45 0.1 0.2],...
'Color’,'none’,...
'LineStyleOrder', {'d'"'s" '0'},...
'FontSize' 9,...
'PlotBoxAspectRatioMode','manual’,...
'PlotBoxAspectRatio',[1 0.6 1]);
text] = annotation(figure2, textbox",...
'Position’,[0.14 0.8 0.1 0.1],...
'String',{'Ocean Optics CCD'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 9,...
'LineStyle’,'none’);
text2 = annotation(figure2, textbox",...
'Position’,[0.45 0.8 0.1 0.1],...
'String',{'Nicolet FTIR InGaAs (KCI Beam Splitter)'},...
'Color',[0 0 0],...
'LineWidth',0,...

'EdgeColor'[1 1 1],...
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'FontName','Times New Roman’,...
'FontSize' 9, ...
'LineStyle’,'none’);

text3 = annotation(figure?2, 'textbox’,...
'Position’,[0.14 0.45 0.1 0.1],...
'String',{'Contamination From'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor' [1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 9,...
'LineStyle’,'none’);

text4d = annotation(figure2, textbox",...
'Position’,[0.18 0.40 0.1 0.1],...
'String',{'Red Laser'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 9,...
'LineStyle’,'none’);

text5 = annotation(figure2, textbox",...
'Position’,[0.35 0.755 0.1 0.1],...
'String',{'"" 1 Calculated using Hakim et al. (2013) KBr value'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize',9,...
'LineStyle’,'none’);

text5 = annotation(figure2, textbox',...
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'Position’,[0.35 0.71 0.1 0.1],...
'String',{""2Calculated using Patterson et al. 1977'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 9,...
'LineStyle’,'none’);
text6 = annotation(figure2, textbox",...
'Position’,[0.72 0.22 0.1 0.1],...
'String',{'Spectral Feature'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 10,...
'LineStyle’,'none’);
%otextl (boxoff),
%otext2(boxoff),
legend('boxoff’);
Yoset(subplot2,'Color', 'none’);
plot([1365 1365 1405 1405 1365],[10 90 90 10 10],"-",'Color',[0 0 0])
handaxes2 = axes('Position',[0.44 0.50 0.10 0.20]),
Yoset(
hold(handaxes2,'on’);
set(handaxes2,'AspectRatio’,[2 2]);
plot(k_df2(:, 1),k _df2(:,2),'LineWidth' 2, LineStyle',"-','Color",[0 0 0] ),
plot(k_df2 2(:,1),k_df2 2(:,2),'LineWidth’2,'LineStyle',-.","Color',[0 0 0]),
plot(k_df4(:,1),k_df4(:,2),'LineWidth',2,'LineStyle','-","Color',[0.15 0.15 0.15]);
plot(k_df4_2(:,1),k _df4_2(:,2),'LineWidth',2, 'LineStyle',"-.",'Color’,[0.3 0.3 0.3]);

plot(k_dfs(-,1),k_dfs(-,2), LineWidth' 2, 'LineStyle',"-','Color", [0.45 0.45 0.45]);
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plot(k_df6_2(:, 1),k _df6_2(:,2),'LineWidth',2, 'LineStyle',"-.",'Color',[0.45 0.45 0.45]);
set(handaxes2, xlim',[1365 1405],...
Yiim',[10 70],'YTick',[10 70],'XTick',[1365 1405],'FontSize’,9,'FontName','Times New Roman')
vilabel('Absorption’,'FontSize' 9,'FontName','Times New Roman')
xlabel('Wavelength','FontSize' 9, 'FontName','Times New Roman')

B.3.8. u_fig 5 gen.m

A MATLAB script written to visualize the two percent mass fraction samples of Donna
Fill, illite, and kaolinite. Programmatic inputs included the Donna Fill, illite, and kaolinite
reflectance spectrum. The program was executed using the MATLAB GUI by pressing the F5
key.
Invocation: MATLAB GUI (F5)
Source Code:

%NEW FIGURE PLOT SCRIPT BECAUSE EXCEL KEEPS CRASHING
%DONNA FILL

clear

cle

close('all’);

%%file list

[KBR] = KBR_REFLECT;

[DF2] = DF2 REFLECT;

[IL2] = IL2 REFLECT;

[KN2] = KN2 REFLECT;

KN2(:,2) = 100.*KN2(:,2);

figurel = figure('units’,'inches’,'pos’,[0 0 6.5 3]);
subplotl = subplot(1,1,1)

box(subplotl,'on’);

hold(subplotl,'all’);
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plot(KBR(:,1),KBR(:,2), 'LineWidth' 2, 'LineStyle',"-",'Color',[0.25 0.25 0.25])
plot(DF2(:,1),DF2(:,2),'LineWidth',2,'LineStyle',"-",'Color',[0 0 0])
plot(IL2(:,1),IL2(:,2), LineWidth' 2, 'LineStyle',"-",'Color',[0.45 0.45 0.45])
plot(KN2(:,1),KN2(:,2),'LineWidth' 2, 'LineStyle',"-','Color',[0.65 0.65 0.65])
plot([1370 1370 1440 1440 1370],[50 95 95 50 50], 'LineWidth',0.75, LineStyle’,":’,...
'Color',[0 0 0])
plot([2100 2100 2300 2300 2100],[50 97 97 50 50],'LineWidth',0.75, 'LineStyle',":","Color", ...
[000])
plot([625 625 675 675 625],[45 97 97 45 45],'LineStyle’,":",'Color',[0 0 0]),
plot([1000 1000],[-10 110],'LineStyle’,".","Color',[0 0 0] ),
%plot(KBR(:,1),KBR(:,2),'LineStyle’,"-",'Color','r")
Yoplot(DF2(:,1),DF2(:,2),'LineStyle’,"-','Color','g’)
Yoplot(IL2(:,1),IL2(:,2),'LineStyle’,"-"'Color','b’)
%plot(KN2(:,1),KN2(:,2), 'LineStyle’,"-",'Color','c")
vilabel('Reflectance Ratio, R \infty, [I/I 0]''FontName','Times New Roman’,...
'FontSize',12);
xlabel('Wavelength, \lambda, [nm]','FontName','Times New Roman’,...
'FontSize',12);
set(subplotl,'Ylim',[0 100],'Xlim',[400 2500],...
'FontName' 'Times New Roman' 'FontSize' 12,...
'XTick',[400 700 1000 1300 1600 1900 2200 2500],...
'XTickLabel',[400 700 1000 1300 1600 1900 2200 2500],...
"YTick',[0 20 40 60 80 100],...
"YTickLabel',[0 20 40 60 80 100]);
legendl = legend(subplotl,'show’);
set(legendl,'String’,{'"KBR' ...
'Donna Fill' ...
"Illite’ ...
'Kaolinite'},...
'FontName','Times New Roman',...

'FontSize', 10);
443



% set(legendl, LineStyleOrder" {'-"'-""-"'"-""-"'-"})
set(legendl,'EdgeColor',[1 1 1],'YColor',[0 0 0],'XColor',[0 0 0],...

'Position’,[0.63 0.25 0.1 0.2],...
'Color’,'none’,...
'LineStyleOrder' {'d'"'s" 'o'},...
'FontSize' 10,...
'PlotBoxAspectRatioMode','manual’,...
'PlotBoxAspectRatio',[1 0.4 1]);

text] = annotation(figurel, textbox",...
'Position’,[0.13 0.15 0.1 0.1],...
'String',{'Ocean Optics CCD'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 10,...
'LineStyle’,'none’);

text2 = annotation(figurel, textbox',...
'Position’,[0.35 0.15 0.1 0.1],...
'String',{'Nicolet FTIR InGaAs (KCI Beam Splitter)'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 10,...
'LineStyle’,'none’);

text3 = annotation(figurel, textbox',...
'Position’,[0.14 0.40 0.1 0.1],...
'String',{'Contamination From'},...
'Color',[0 0 0],...

'‘LineWidth',0,...
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'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 10,...
'LineStyle’,'none’);

text4 = annotation(figurel, textbox',...
'Position’,[0.18 0.35 0.1 0.1],...
'String',{'Red Laser'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 10,...
'LineStyle’,'none’);

text5 = annotation(figurel, textbox",...
'Position’,[0.42 0.45 0.1 0.1],...
'String',{'Spectral Feature'},...
'Color',[0 0 0],...
'‘LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 10,...
'LineStyle’,'none’);

text6 = annotation(figurel, textbox',...
'Position’,[0.72 0.45 0.1 0.1],...
'String',{'Spectral Feature'},...
'Color',[0 0 0],...
'‘LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName','Times New Roman’,...
'FontSize' 10,...

'LineStyle’,'none’);
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text7 = annotation(figurel, textbox',...
'Position’,[0.60 0.82 0.1 0.1],...
‘String",{'100% KBr'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 10,...
'LineStyle’,'none’);

text8 = annotation(figurel, textbox',...
'Position’,[0.60 0.73 0.1 0.1],...
'String',{'2% Kaolinite'},...
'Color',[0 0 0],...
'‘LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName','Times New Roman’,...
'FontSize' 10,...
'LineStyle’, 'none’);

text9 = annotation(figurel, textbox',...
'Position’,[0.60 0.65 0.1 0.1],...
'String',{'2% Donna Fill'},...
'Color',[0 0 0],...
'‘LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName','Times New Roman',...
'FontSize' 10,...
'LineStyle’,'none’);

text10 = annotation(figurel, 'textbox',...
'Position’,[0.60 0.56 0.1 0.1],...
‘String',{'2% Illite'},...

'‘Color',[0 0 0],...
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'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 10,...
'LineStyle’,'none’);
%otextl (boxoff);
Yotext2(boxoff);
%olegend('boxoff’);
%oset(subplot2,'Color','none’);

B.3.9. u _fig 6 gen.m

A MATLAB script written to visualize the Kubelka-Munk transform of the two percent
mass fraction samples of Donna Fill, illite, and kaolinite. Programmatic inputs included the
Donna Fill, illite, and kaolinite reflectance spectrum. The program was executed using the
MATLAB GUI by pressing the F5 key.

Invocation: MATLAB GUI (F5)
Source Code:

%NEW FIGURE PLOT SCRIPT BECAUSE EXCEL KEEPS CRASHING
%DONNA FILL
clear
cle
close('all’),
%%file list
[KBR] = KBR_REFLECT;
[DF2] = DF2 REFLECT;
[IL2] = IL2 REFLECT;
[KN2] = KN2 REFLECT;
KN2(:,2) = 100.*KN2(:,2);
[KBR] = KUBELKA(KBR),
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[DF2] = KUBELKA(DF2);
[IL2] = KUBELKA(IL2),
[KN2] = KUBELKA(KN2);
figurel = figure('units’,'inches’,'pos’,[0 0 8.5 3]);
subplotl = subplot(1,1,1)
box(subplotl,'on’);
hold(subplotl,'all’),
plot(KBR(:,1),KBR(:,2), 'LineWidth',2, 'LineStyle',"-",'Color',[0 0 0])
plot(DF2(:,1),DF2(:,2),'LineWidth',2,'LineStyle',"-",'Color',[0.25 0.25 0.25])
plot(IL2(:,1),IL2(:,2), 'LineWidth' 2, 'LineStyle',"-",'Color',[0.5 0.50 0.50])
plot(KN2(:,1),KN2(:,2),'LineWidth', 2, 'LineStyle","-','Color',[0.75 0.75 0.75])
plot([625 625 675 675 625],/0 0.25 0.25 0 0], 'LineStyle’,":",'Color',[0 0 0]),
plot([1000 1000],[-10 110],'LineStyle’,".","Color',[0 0 0] ),
%plot(KBR(:,1),KBR(:,2), 'LineStyle","-",'Color','r')
%plot(DF2(:,1),DF2(:,2),'LineStyle’,"-','Color','g")
Yoplot(IL2(:,1),IL2(:,2),'LineStyle’,"-",'Color','b’)
%plot(KN2(:,1),KN2(:,2),'LineStyle’,'-',"Color','c’)
vlabel('Reflectance Ratio, R \infty, [I/l 0]','FontName','Times New Roman',...
'FontSize' 12);
xlabel('Wavelength, \lambda, [nm]','FontName','Times New Roman',...
'FontSize', 12);
set(subplotl,'Ylim',[0 0.5],'Xlim',[400 2500],...
'FontName' 'Times New Roman','FontSize' 12,...
'XTick',[400 700 1000 1300 1600 1900 2200 2500],...
'XTickLabel',[400 700 1000 1300 1600 1900 2200 2500],...
'YTick',[0 0.1 0.2 0.30.40.5],...
'YTickLabel',[0 0.1 0.2 0.3 0.4 0.5]);
legendl = legend(subplotl,'show’);
set(legendl,'String',{'"KBR' ...
'Donna Fill' ...

"Ilite’ ...
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'Kaolinite'},...
'FontName' 'Times New Roman’,...
'FontSize' 12);
% set(legendl, 'LineStyleOrder’,{'-""-""-""-" =" "-"})
set(legendl,'EdgeColor',[1 1 1],'YColor' [1 1 1],'XColor',[1 1 1],...
'Position’,[0.75 0.45 0.1 0.2],...
'‘Color’ 'none’,...
'LineStyleOrder',{'d"'s"'o"},...
'FontSize' 12,...
'PlotBoxAspectRatioMode', 'manual’,...
'PlotBoxAspectRatio',[1 0.6 1]);

text] = annotation(figurel, textbox",...
'Position’,[0.13 0.80 0.1 0.1],...
'String',{'OceanOptics CCD'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 12,...
'LineStyle’,'none’);

text2 = annotation(figurel, textbox',...
'Position’,[0.35 0.80 0.1 0.1],...
'String',{'Nicolet FTIR InGaAs (KCI Beam Splitter)'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 12,...
'LineStyle’,'none’);

text3 = annotation(figurel, textbox',...
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'Position’,[0.14 0.55 0.1 0.1],...
'String',{'Contamination From'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 10,...
'LineStyle’,'none’);

text4 = annotation(figurel, textbox",...
'Position’,[0.18 0.50 0.1 0.1],...
'String',{'Red Laser'},...
'Color',[0 0 0],...
'LineWidth',0,...
'EdgeColor'[1 1 1],...
'FontName' 'Times New Roman’,...
'FontSize' 10,...
'LineStyle’,'none’);

%otextl (boxoff),

%otext2(boxoff),

legend('boxoff’);
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APPENDIX C: EXAMPLE CALCULATIONS FOR THE CONSIDERED ANALYTICAL
SOLUTION

C.1. Chapter Overview

Contained in this appendix is the derivation and example calculations used in the
analytical solution of soil properties from visible to near infrared (Vis-NIR) diffuse reflectance
spectra. The analytical solution employed both experimentally derived and literature values for
soil and hydraulic properties. Symbols used in this appendix are preemptively defined in Table
C.1.

The derivation of the algebraic solution for mass fractions of soil, water, and vapor are
presented in Section C.2. The computation of theoretical values for scattering of liquid water is
presented in Section C.3. The experimental values and example calculations of mass fraction of
soil solids, soil water, and soil vapor is presented in Section C.4. The computation of soil

potential is presented in Section C.5.
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Table C. 1. Definition of symbols.

Symbol Units® Definition
k ! Absorption Coefficient
S Lt Scattering Coefficient
m Mass Fraction
R, "Infinite" Depth Reflection
KMF Kubelka-Munk Function
Q L' Defined Quantity 1
Q L' Defined Quantity 2
Q3 ! Defined Quantity 3
Qq ! Defined Quantity 4
ow L’1! Area Extinction Coeflicent
a L Particle Effect Radius
n Real Component of Complex Refractive Index
m (Real) Refractive Ratio at Interface
N L’ Number Density (Quantity/L’)
Pb ML’ Bulk Soil Density
m Mass Fraction of Soil
my, Mass Fraction of Water
m, Mass Fraction of Vapor
Vi L Bulk Soil Volume
Migiaa M Total Mass of Soil, Water, Vapor
Mgat M Mass of Vapor at Saturation (STP)
Psat ML’ Density of Vapor at Saturation (STP)
RH % Relative Humidity
R Ideal Gas Constant
A% Molecular Volume of Water

“L indicates units of length and m indicates units of mass

C.2. Derivation of Analytical Solution

Contained in this section is the algebraic derivation of the analytical solution for mass
fraction of soil solids, soil water, and soil vapor using the Kubelka-Munk color theory (Kubelka

and Munk 1931, Kubelka 1947). The starting equations are presented in Section C.2.1. The
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expanded forms of the starting equations (showing all constitutive terms) are presented in Section
C.2.2. Observed spectral data for two separate wavelengths were employed to form a system of
equations with three equations and three unknowns (Section C.2.3). Four defined quantities were
used in computation and to simplify the algebraic expressions and are presented in Section C.2.4.
The algebraic solutions to the mass fraction of soil solids, soil water, and vapor are presented in
Section C.2.5. The expanded form of the solution to the mass fraction of soil vapor is presented in
Section C.2.6.

C.2.1. Starting Equations for Kubelka-Munk Analytical Solution

The starting equations are presented in Equation C.1, Equation C.2, and Equation C.3. The
relationship of the three phase (solid, water, and vapor) is presented in Equation C.4.
Experimentally derived optical parameters (k and s) were obtained for all three soil types as
previously described in Chapter 3 and Chapter 8. The observed reflectance spectra values were
assumed to be infinitely deep (R«) due to the sample thickness (1.5cm) being at least 3 orders of
magnitude greater than the expected penetration depth of the incident optical energy. Measured

absorption, scattering, reflectance, and Kublka-Munk function (KMF) are presented in Figure C.1

and Figure C.2.
k_smk Hapke 2012 Equation C.1
S s, (Hapke ) quation C.
k_(1-R.))
—= u = KMF (Hapke 2012) Equation C.2
s 2R_
l=m,=m,+m, +m, Equation C.3
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Figure C. 1. Absorption and scattering coefficient spectrum for illite soil used in analytical
solution.
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Figure C. 2. Measured reflectance spectrum and computed Kubelka-Munk function for
illite soil (100 percent Sample).

C.2.2. Expanded Form of Kubelka-Munk Equations
Contained in this section are the expanded starting equations as applied to the
inversion of soil mass fraction values for soil. Presented in Equation C.4 is the expanded form of

Equation C.1. Equation C.5 and Equation C.6 were derived using Equation C.3 and Equation C.4.
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k_mk +mk, +mk,

S mSSS + mW’SW + mVSV

Equation C.4

k_mk +mk, +A-m —m )k,

s ms +ms, +(1-m —m,))s,

Equation C.5

k_mk +mk, +(1-—m —m,)k,
s ms,+ms, +(1-m —m,)-0

Equation C.6

C.2.3. Expanded Form of Kubelka-Munk Equations with Observations

The value of the Kubelka-Munk function (Equation C.2) was calculated at both of the two
wavelengths considered (e.g. 826nm and 855nm). Subsequently, by setting Equation C.1 and C.6
equal Equation C.7 was obtained. Equation C.12, for observations at the first wavelength (e.g.
826nm), was obtained by expanding and simplifying equation C.7 with the intermediate steps
presented as Equations C.8 through C.11. Equation C.13 is an identical derivation of Equation

C.12 for experimental values at the second wavelength (e.g. 855nm).

KMEms, +ms,)=mk,+mk  +(1—m —m )k Equation C.7
KMEms ) +KMEm s, )=mk,+mk  +k,—mk, —mk, Equation C.8
KMEms,)+KMFm s, )=k, +(k,—k )Jm +(k,—k,)m,  EquationC.9
~k ,+KMRms,)+KMEm,s,,)=(k,~k, )m +(k,~k,)m,  Equation C.10
—k, =k, ~k,)m —KMEms,)+(k ,~k,)m —KMKm.ys )  EquationC.11

~k, =(k, —k,~KMF-s )m +(k ,~k,~KMF-s,)Jm,  EquationC.12

—k,, =(k, —k,,—KME"s,,)m +(k,, —k,—KME"s,,)m,  Equation C.13
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C.2.4. Defined Quantities

To simplify the expressions previously presented in Equation C.12 and Equation C.13 as
well as to increase computational efficiency by reducing the total number of computations, four
quantities (Q1, Q2, Q3, and Q4) were defined. These aforementioned quantities are presented as
Equation C.14 through C.17. Subsequently, Equation C.12 and Equation C.13 were re-written as

Equation C.18 and Equation C.19, respectively.

9 z(ksl —k, —KMEF" Ssl) Equation C.14
o) :(kwl —k, —KMF Swl) Equation C.15
O, = (ksz —k, —KME- Ssz) Equation C.16
O, :<kw2 —k,, —KME" Swz) Equation C.17
—k, =0Om +0Om, Equation C.18
—k,=0m +0m, Equation C.19

C.2.5. Algebraic Solution for Quantities of Interest

To simplify the system of equations represented in Equation C.18 (also presented as
Equation C.20) and Equation C.19, Equation C.19 was re-written as Equation C.23 (intermediate
steps are presented as Equation C.21 and Equation C.22). Equation C.22 was then subtracted from
Equation C.20 (previously presented as Equation C.18) to obtain Equation C.23. Equation C.23
was expanded and simplified to obtain Equation C.26 (intermediate steps are presented as
Equation C.24 to Equation C.25). Equation C.26 was then substituted back into Equation C.20 to
obtain Equation C.29 (intermediate steps are provided in Equation C.27 and Equation C.28). The

algebraic solution (Equation C.32) for mass fraction of water vapor was obtained by combining
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Equation C.29, Equation C.30 and Equation C.31. Equation C.31 is presented in expanded form

as Equation C.33.

- kvl = les + QZmW

- [g_:kaz = (%jgﬂnv + (g_iJtamw

—k, +(&kaz =Qm,—Qm +0Q,m, _(QIQQ4 m,
_kvl +(Q_:]kv2 = szm _(QIQ?“ m,
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Equation C.20

Equation C.21

Equation C.22

Equation C.23

Equation C.24

Equation C.25

Equation C.26

Equation C.27

Equation C.28



—k, - (Qlevz Equation C.29
- kvl _ & Q3

o O (QZ—Q‘Q“j

0,
0,0,
—k, _Q2k”_( 0, ]k” Equation C.30
m, = -
' Ql _ Q12Q4
a-20)

Equation C.31
m,=l—m,—m,

- kvl + [Qljkvz k - QZkvl + [Qlejkvz
1 Ny

= o, - ) - o, Equation C.32
_ 0.9, | _ 0’0,
T

—k +((ksl_kvl_KMFl'Ssl)Jk
v v2
1 (ksz —k,, —KMF, 'Ssz)

" =1- —oo0e0
(k. —k, —KMF, s, )- (k, —k,, —KMF, -5, )k, —k,, —KMF, -s,,)
wl vl 1 wl (k52 _kv2_KMF2 .Ss2)
_kvl .
—eee Equation C.33

(ksl _kvl _KME.Ssl)

—(k

wl

kvl — I<]\4F‘1 . SWI )kvl _ ( (kwl - kv] - KMFI i Swl )(ksl - kvl - KMFI ) Ssl )]kvz

(ksz —k,, — KMF, 'Ssz)
(ksl - kvl - KMFI ) Ssl )2 (kW2 - kv2 - KMFZ ) Sw2 )
(ks2 —k,, — KMF, 'Ssz)
C.3. Example Calculation of Liquid Water Scattering (sw).

((ksl - kvl - KMF] ’ Ssl )(kwl - kvl - KMF] ’ Swl )_
The scattering coefficient of water for each individual wavelength was computed using the
theoretical and empirical methods proposed by Bulcholtz (1995), Cox et al. (2002), and

Kedenburg et al. (2012). All calculations assume standard laboratory conditions (i.e. temperature
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and pressure). The volume scattering (extinction) coefficient was computed using the equation

proposed by Cox et al. (2002) as presented as Equation C.34 and Equation C.35. The refractive

index of water as a function of wavelength (Equation C.368) was computed using the empirical

relationship proposed by Kedenburg et al. (2012) and is presented in graphical form as Figure

C.1. The absorption coefficient of water was calculated using Equation C.37. An example

computation is presented (as it is not documented elsewhere in this manuscript) in Equation C.38

through Equation C.46.

o, 28_71'(27[77,"
3

4
edium} a

2
M? -1
6(1\42 2] (Cox et al. 2002)
+
nparlical
M = 77— (Cox et al. 2002)
medium
0.08495 A°

22 0.75831 2°
A7 —0.01007 A* —8.91377

(Kedenburg et al. 2012)

(Bulcholtz 1995)

Equation C.34

Equation C.35

Equation C.36

Equation C.37

136 lllll T T T T 7T LI B B LI B S T T T T T T T T T T T T T T T 7T ]
=1.34 _
51 32 E
o 3
= ]
g 2
9 1.28 Wavelength \) nm  Refractive Index 1 (unitless) 3
'ii 826 1.327640280
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Figure C. 3. Refractive index of water as a function of wavelength using Kedenburg et al.

(2012) relationship.
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2
, of 132757,/ F _4
o, = %[ﬁj {0‘0005 10" m - 101()cm} (1 32757%-0)2 Equation C.38
10" em m :
( %O)Z +2

5. = 2513274 ( 6.2831_785 j4[0.0005 .104cm]6(o.76z444 jz Equation C.39
3 823107 em 3.762444
o, =8.37758(76067.62¢cm™ ) [0.0005 - 10~ cm [ (0.202646 Equation C.40
o, =8.37758(76067.62cm™ ) [0.0005 - 10~ cm [ (0.202646 ) Equation C.41
o, =8377583.3481110” x1.5625010*x0.041065xcm™ - cn’ Equation C.42
o, =1.8004510cnt’ Equation C.43
s,=N, -0, Equation C.44
s, =333679-10" cm™ x1.80045 10 cni’ Equation C.45
s, =0.0060tm" Equation C.46

C.4. Example Calculation of Mass Fraction Soil, Mass Fraction Water, Mass Fraction
Vapor

An example calculation of mass fraction of soil solids, soil water, and soil vapor from
reflected Vis-NIR spectral data using the previously documented analytical technique is contained
in this section. All constants, material properties, and experimentally obtained data required to
algebraically solve the analytical solution are tabulated as Table C.2. Soil data obtained using
traditional laboratory testing methods were obtained using the techniques described in Chapter 3
and Chapter 9. All soil coefficient data was obtained as described in Chapter 4 and Chapter 8. A
measured Vis-NIR soil spectra was randomly selected for the example calculation is presented in

Figure C.4. Example computation of the Kubelka-Munk function values and the predefined
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quantities previously described in Section C.2.4 is presented in Section C.4.1. Example

computations for the calculation of soil mass fraction values is presented in Section C.4.2.

Table C. 2. Constants and material properties values for analytical solution.

Symbol Value Unit Symbol Value Unit
Ky 26.5257 e ko 24.0231 om !
K1 2.7238 cm ! Kuo 4.32 et
kyi 0.0011 cm’! kyo 7527x10°  cm’
Sq1 270.55 ok Sq1 247.00 e !
Sul 0.00601 e Swn 0.00523 om !
Svi 0 cm’! Sv2 0 cm!
R, 0.353 R, 0.26075
04 LI B B R | — 1 1. 1 1 1 T 17T T 1 1 1 T T T 1 1 1 1 7T 1 1 1 17T T 1 1 1 171
0.35
0.3
~ 0.25
5 02
g .
g 0.15
()
& 0.1
0.05 | .
0 1 1 1 1 1 1 1 1 | I TR T N N | | I N SR SR S | | I T TR SR RN | | I TR T N S | | I TN R N S |
400 700 1000 1300 1600 1900 2200 2500

Wavelength, A [nm]

Figure C. 4. Example Vis-NIR spectral data for illite sample.

C.4.1. Computation of Kubelka-Munk Function and Predefined Quantities

Contained in this section is the calculation of the Kubelka-Munk function values for the

experimentally observed soil reflectance values and the computation of the predefined quantities

previously described in Equation C.14 through Equation C.17. The computation of the Kubelka-

Munk function for the two wavelengths considered (A1 = 826nm and A2 = 855nm) are presented in
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Equations C.49 through C.53. Computation of the predefined quantities Qi, Q2, Q3, and Q4 are

presented in Equation C.53 through Equation C.65.

2
k_U-R) _mr
s 2R

o

2
k_(1-03530) KM
s 2-0.3530

KMF, =0.5929

_ 2
-l
KMF, =1.0479

0 =(k, ~k, ~KMF:s,))

0, =(26.5257-0.011-0.5929-27055)- cm™

0, =—133.8928 -cm™

0,=(k, —k,~KMFs,,)

0, =(2.7238-0.0011-0.5929-0.00601)- cm™"
0,=2719tcm’

0, =k, —k, —KME"s,,)

0, =(240231-7.527-10° —1.0479-247)- cni”

Q, =-234.8133-cm™

Q& :(sz _kv2 _WE SWZ)
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Hapke 2012  Equation C.47

Equation C.48

Equation C.49

Equation C.50

Equation C.51

Equation C.52

Equation C.53

Equation C.54

Equation C.55

Equation C.56

Equation C.57

Equation C.58

Equation C.59

Equation C.60

Equation C.61



0, =(43144-7.527-10"° ~1.048-0.00523 cm” Equation C.62

0,=43144 e’ Equation C.63

C.4.2. Example Calculations of Soil Mass Fractions

Contained in this section are example calculations that were used to obtain measurements
of the mass fraction of soil solids, soil water, and soil vapor. The calculations of mass fraction of
soil solids was performed using Equation C.64 through Equation C.66. Similarly the mass
fraction of water and vapor was calculated using Equation C.67 (previously presented as Equation
C.30) through Equation C.73 and Equation C.74 (previously presented as Equation C.32) through

Equation C.78, respectively.

9,
—k 0 _kvl‘{Q} ko Equation C.64
_ vl =2
o o (Q QIQ“J
2
0,
m = -0.011cm™ _ 2.7192 cm ™ e
' —133.8928cm ™" —133.8928cm !
o (—133.8928cm™ =
—0.011em +( 5 4915em"! 7.527-10" cm Equation C.65
-1 -1
5 7191em™ — 133.8928cm 4.3114cm
—234.8133cm™
m, =-74671107 Equation C.66
0,0,
—k, _QZkvl-'_[ 0, ks Equation C.67
m, 6 =—-
BN 0,0
1 QIQZ—IQis“
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9,0
- 2kvl + = kv2
€ [ 0 j

3

—2.7191em™ - 0.01lem™ +

—133.8928cm™ -2.7191cm™ —

2.7191em™ - —133.8928m™

(~133.8928cm ™' | 4.3144cm™

—234.8133cm™
&QJ
- 0,k, +( k,
i :_kVI_ 291 Q3 2
Y, (-34.6782cm?)
—k
m =V _oeee
)

7.527-10cm™

—234.8133-cm™

(-34.6782cm? )

mW

-k, 3.1078-10"cm™
m, = -

" 0, (-34.6801cm?)

©3.1078:10" cm’

=8.2156-10° cm’ .
(-34.6782cm?)

m,=9.7827107

(2 ) ok _(Qle]k
(QsJ vz__kVI_ Qz vl Q3 v2

_QIQ4] 0 (QIQZ _Qlaj

0,
L=m, +m, +m,
m,=l-m —m,
m, =1-(-8.139610°)-(0.782710°)
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Equation C.68

Equation C.69

Equation C.70

Equation C.71

Equation C.72

Equation C.73

Equation C.74

Equation C.75

Equation C.76

Equation C.77



m, =0.9998 Equation C.78

C.5. Example Computation of Soil Potential from Mass Fraction of Vapor

Contained in this section is an example calculation to obtain relative humidity (RH) and
soil potential from the previously obtained mass fraction of vapor. The soil bulk density was used
to obtain the volume occupied by 1g of soil, water, and vapor (Equation C.79 through C.81).
Since in a remote sensing application the bulk density of the sample would not be known apriori
the average bulk density of all PPE prepared samples.The mass of vapor was computed using
Equation C.82 and C.83. The relative humidity was computed using the density of water vapor at
saturation (793.17 g'm™ at STP) and the soil volume (Equation C.84 to C.87). The computation of
relative humidity resulted in a physically impossible solution as RH, by definition, cannot exceed

100 percent before condensation occurs. Computations were terminated at this point.

Py =1.7388 ch 3 Equation C.79
y lg Equation C.80
soil —
1.7388 %
cm
V., =0575kn’ Equation C.81
M, .=m, M, Equation C.82

M, ~=0.99981.0000z=0.9998 Equation C.83

vapor

M, . Equation C.84
RH =—=2-100%

saturate

Equation C.85
ri = 229988 1600, auation

p sat I/soi/
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RIH = O.9998g3 100% Equation C.86
793.17%*(1’"J *0.5751em’
m 100 cm
RH =1219,181% Equation C.87
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