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National Aeronautics and Space Administration

Generate Algorithm Coefficients from MODIS and
VIIRS Reflectance Data and GCOQOS Observations

Optional Exercise




« This exercise is an optional continuation of Exercise 2. This exercise is not

mandatory but will help in learning the algorithm development procedure.

«  An example of generating algorithm coefficients for chlorophyll-a from

reflectance in MODIS blue and green wavelengths was demonstrated.

« The next exercise will follow similar steps getting coefficients from VIIRS data.
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Download Multi-day VIIRS Level-2 Images

« Download the following VIIRS Level-2 files from the meeting links:

- V2013286190600.L2_SNPP_OC.x.nC
- V2013290190600.L2_SNPP_OC.x.nC
- V2013291190600.L2_SNPP_OC.x.nc
- V2013301190600.L2_SNPP_OC.x.nc

Note: These files are downloaded from NASA Ocean Color Level 1&2 Data Browser.
hitps://oceancolor.gsfc.nasa.gov/cqgi/browse.plegsen=amod

]
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https://oceancolor.gsfc.nasa.gov/cgi/browse.pl?sen=amod

Download GCOOS In Situ Chlorophyll Data Files ﬂ

« Download the following GCOQOS files written in SeaBASS format from the meeting
links:

- GCOOS_130ct2013.5b
- GCOOS_170ct2013.5b
- GCOOS_180ct2013.5b
- GCOOS_280ct2013.5b
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Open Multi-day VIIRS Level-2 Images in SeaDAS

B v2013286183000.L.2 SNPP_OC.x.nc
B v2013290185400.L.2 SNPP_OC.x.nc

B v2013291183600.L.2 SNPP_OC.x.nc
31. Open SeaDAS. B v2013299174200.L.2 SNPP_OC.x.nc

32. Navigate fo the directory where the L s S B
) B v2013301184800.L2 SNPP_OC.x.nc
VIIRS files are downloaded.

-From SeaDAS go fo File - Open 01328.L2_SNPP_0C.nc F

» (1 Metadata

product and select all the files to open > @ Fiag Codings

» (21 Vector Data

the VIIRS images. v &3 Bands
v ‘3 Rrs

-In SeaDAS File Manager click on the @ Rrs_410 (420 nm)

B Rrs_443 (443 nm)

down arrow next to B Rrs 486 (486 nm)

)

B Rrs_551 (551 nm)

V2013286183000.L.2_SNPP_OC.nc > B Rrs_671 (671 nm)

> Kd
Bands - Rrs. > O aot
Bl angstrom
Bl chlor_a
Bl chl_ocx
Bl pic
Bl poc
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Calculate Ratio of Blue and Green Wavelength Reflectance

33. On the top SeaDAS ribbon go to
Raster > Math Band :

- A window will open with
V2013286183000.L.2_SNPP_OC.nc as
Target Product

v

I il Math Band...

»
L

»

- Enter any Name for the
blueOgreen reflectance ratio.
Rbg_1 is chosen here

- Click on Edit Expression

Optical Tools Window Hel
i > e

Qpnerations

Convert Band

Dranamata | InAaartainku

O @
Target product:

Band Maths

[7]1 v2013286183000.L2_SNPP_OC.nc
Name: Rbg_1
Description:
Unit:

Spectral wavelength: 0.0
Virtual (save expression only, don't store data)
Replace NaN and infinity results by NaN

Generate associated uncertainty band

Band maths expression:
Rbg_1

o
Ll
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ToadT Save Edit Expression...

Cancel Help




Collect Collocated VIIRS Reflectance Ration and GCOOS
Chlorophyll Data

34. A map of the alog10 (Rrs_443/Rrs_551) will be
displayed

-Follow Steps 4-5 to import
GCOOS_130c¢t2013.sb (corresponding to
the image date -Julian day 286) to the
image.

- Follow Steps 7-10 to generate correlation

plot to get values of reflectance ratio «—— Getthe

around the GCOQS in situ data. - S| DataTable
- There is only one valid point so regression :

line can not be calculated 5 = —

- Get tabulated values of X and Y by clicking :
on the Table icon :
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Import GCOOS Chlorophyll Data to VIIRS Reflectance
Ratio Image

- Use ctrl-right click to copy the tabulated data to a clip board

[### Correlative Plot & |[H [7] Rbg_1

pixel_no pixel_x pixel_y latitude longitude Rbg_1_mean Rbg_1_sigma CHL_ref‘ [?]

1 167.5 146.5 26.55501 -82.17492 -0.2 -
Copy Data to Clipboard

- Open a new Excel spread sheet and paste the data from the
clipboard

AutoSave @oFF () & 2vC - 2 Rbg_Oct13_VIIRS — Saved to my Mac ~
Home Insert Draw Page Layout Formulas Data Review  View Q Tell me
1 X G = = & Inse
v Calibri (Body) v 12 v A A = =5 v 22 Wrap Text v General | v v v v
[ E- B2 ..
Paste [ A = = = = 3= = (o) «0 .00 Conditional Format Cell —.
54 3 oo [ <o /Ao Ss=s=1E= MergesCenter v § v % 9 G B Formatting as Table ~Styles [i] Fort
Open recovered workbooks? Your recent changes were saved. Do you want to continue working where you left off?

D8 = fx

pixel_no pixel_x pixel_y latitude longitude  Rbg_1_mear Rbg_1_sigm: CHL_ref pixelPos_ref geoPos_ref year_ref month_ref day_ref hour_ref minute_ref second_ref
1 167.5 146.5  26.55501 -82.17492 -0.2016123 0.06558915 3.63 POINT (167. POINT (-82.1 2013 10 13 18 0 [
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Collect multi-day Collocated VIIRS Reflectance and GCOOS Data :

35. Repeat the Steps 31-35 for all the VIIRS and corresponding GCOQOS files:

V2013290120600.L2_SNPP_OC.x.nc - GCOOS_170ct2013.sb
V2013291120600.L2_SNPP_OC.x.nc - GCOOS_180ct2013.sb

V2013301120600.L2_SNPP_OC.x.nc - GCOOS_280ct2013.sb

- You will get the Excel spreadsheet with data values for these days.
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VIIRS Blue-Green Reflectance Ratio and GCOOS Chlorophyll

AutoSave @oFF (1) & 9 v & Rbg_Oct13_VIIRS

Home Insert Draw Page Layout Formulas Data Review View { Tellme

|:| v A Calibri (Body) v 12 v AA e Wrap Text & Insert Z \
Da v Delete
Paste B/t A M & Cent Conditional Format Cell =
=7 T = “roe e v Formatting as Table Styles EI] Format v 0 f

Open recovered workbooks? Your recent changes were saved. Do you want to continue working where you left off?

E19 ] X v oxs$
A B C D E F G H | J K L M N (0} P Q

1 pixel_no pixel_x pixel_y latitude longitude Itbg_l_mear ﬂbg_l_sig i CHL_ref pixelPos_ref geoPos_ref year_ref month_ref day_ref hour_ref minute_ref second_ref
2 1 167.5 146.5 26.55501 -82.17492 }-0.2016123 §.06558915 3.63|POINT (167.5 POINT (-82.17150115 2013 10 13 18 0 0
3 1 150.5 155.5 26.46837 -82.06718 |-0.8830771 |0.4885459 4.24]POINT (150.5 POINT (-82.06310272 2013 10 17 18 0 0
4 2 157.5 149.5 26.523825 -81.998825 |-0.8032603 ( 2.91JPOINT (157.5 POINT (-82.00319671 2013 10 17 18 0 0
5 3 158.5 163.5 26.435905 -81.96815 |-0.4587329 §.02895308 2.99POINT (158.5 POINT (-81.96469879 2013 10 17 18 0 0
6 4 142.5 140.5 26.554798 -82.174446 -0.47161 9.04155415 2.61JPOINT (142.5 POINT (-82.17150115 2013 10 17 18 0 0
7 5 170.5 132.5 26.652916 -81.8817 J0.24415463 §.07580323 6.34POINT (170.5 POINT (-81.88099670 2013 10 17 18 0 0
8 1 191.5 160.5 26.464739 -82.06183 |-0.5186713 §.03347764 3.77|POINT (191.5 POINT (-82.06300354 2013 10 18 18 0 0
9 2 200.5 152.5 26.528095 -82.002686 |-0.3331799 ( 2.93|POINT (200.5 POINT (-82.00319671 2013 10 18 18 0 0
10 3 202.5 167.5 26.432611 -81.96183 |-0.5128928 §.05273739 3.1|POINT (202.5 POINT (-81.96469879 2013 10 18 18 0 0
11 4 180.5 1445 26.555706 -82.17384 |-0.5191602 §.03202565 2.42|POINT (180.5 POINT (-82.17150115 2013 10 18 18 0 0
12 5 219.5 137.5 26.64751 -81.88298 |-0.6112377 §.49363607 5.69POINT (219.5 POINT (-81.88099670 2013 10 18 18 0 0
13 1 183.5 148.5 26.528536 -82.00212 |-0.4270411 §0.3145794 5.45§POINT (183.5 POINT (-82.00319671 2013 10 25 18 0 0
14 2 185.5 163.5 26.433813 -81.960396 |-0.7377421 §.22224155 2.16POINT (185.5 POINT (-81.96469879 2013 10 25 18 0 0
15 3 199.5 132.5 26.651941 -81.88078 |-0.3813396 ( 7.76POINT (199.5 POINT (-81.88099670 2013 10 25 18 0 0
1A
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Develop Algorithm Coefficient to Derived Chlorophyll from
GCOOS Chlorophyll and and VIRRS Reflectance Ratio
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A B C
36. Use Excel to generate Algorithm A B c Rbg_1_meaLog10°CHD CHl_ref
L] L]
CoeffICIGHTS — 1 Rbg_1_mea|Log10(CHL) _ :-0.2016123 0.55990663 3.63
2 | -0.2016123}=LOG10(C2:C15 | -0.8830771| 0.62736586 4.24
. 3 | -0.8830771 4.24 | -0.8032603| 0.46389299 2.91
- |
The reflectance ratio are 08032603 oasgrazs| oarseriis | 299
5 | -0.4587329 2.99 -0.47161| 0.41664051 2.61
LOg10(Rrs43/Rrszz) |
9 443/ 551 6 | -0.47161 2.61 | 0.24415463| 0.80208926 6.34
. 7 1 0.24415463 6.34 |
-0.5186713| 0.57634135 3.77
- |
Make a column with Log10(CHL) & “asisens | Somussfosssmal | s
90 gii;gg: 25931‘ | -0.5128928 0.49136169 3.1
S ol [Sussmlimey [
2| -0.6112377 5.69 : — ' '
Jes
Al 07377421 > 16 | -0.7377421| 0.33445375 2.16
5 -0.3813396 7.76 | -0.3813396| 0.88986172 7.76
1 | ‘
6




Develop Algorithm Coefficient to Derived Chlorophyll from
GCOOS Chlorophyll and and VIRRS Reflectance Ratio

37. Make a scatter plot of

—~
—
I
Q
(@)
-—
(@)}
(@]
-l

Log10(Rrs,4s/Rrsss;) as X axis and

Log10(CHL)as Y axis.
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File Edit View

Log10(Rrs ratio)
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Insert

Format Tools Data Window Help

Cells...
Home Insert Draw Columns )ata Review  View ¢
Sheet >
=, & Calibri (Bo S sin
[ W Column
Paste B I U Sparklines... Bar
Table Line
Open recovered workbook: Add-ins ,:.rea
e ie
v fx | Treemap
A B ( Sunburst
Rbg_1_mearLogl0(CHL) [CHL_r  Fynction... Histogram
-0.2016123 0.55990663 NET Pareto
:2.8830771 0.62736586 S orment i B En v hicker
-0.4587329 0.47567119 . -
~0.47161 0.41664051 Picture > Waterfall
024415463 0.80208926 Audio > Funnel
-0.5186713 0.57634135 Movie > Stock
-0.3331799  0.46686762 Symbol... Surface
-0.5128928  0.49136169
-0.5191602  0.38381537 ol " R.a 2l
-0.6112377 0.75511227 ol Filled Map
-0.4270411  0.7363965
20.7377421| 0.33445375 Text Box Manage Templates...
-0.3813396 0.88986172 SIAALLATE >
WordArt
Object...
Hyperlink... $K

NN (PP R s
R O (b NG d kN RO YNNG UREWN R




Develop Algorithm Coefficient to Derived Chlorophyll from ﬂ
GCOOS Chlorophyll and and VIRRS Reflectance Ratio |

38. Fit a curve to the scatter plot to find the ﬂ;ﬂ% =1 e

OlgoriThm CoeffiCienTS E AXISTitl.eS > Your recent changes were saved. Do you w
(\ D: Chart Title :
- Click on the scatter plot | & oot
5 [& ErrorBars > e
- On Excel top bar click on Chart | Eordes

Desigh > Add Chart Element >

> Trendline > More Trendline Options : £

1t 7
11| -0.5191602 0.38381537 2 M Linear
12 | -0.6112377 O 75511227 5 ;
13 | -0.4270411 0.7363965 5 u Exponential
14 | -0.7377421 0.33445375 2
7 |4 Linear Forecast

15 | -0.3813396 0.88986172 )
f Moving Average

More Trendline Options...
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Develop Algorithm Coefficient to Derived Chlorophyll from
GCOOS Chlorophyll and and VIRRS Reflectance Ratio

39. The Format Trendline window will open
- Select Polynomial and Order 4*
- Select Display Equation on Chart
- Select Display R-squared value on Chart

* NASA Ocean Color algorithm uses a 4th order
polynomial for chlorophyll values > 0.2 mg/m3
hitps://oceancolor.gsfc.nasa.gov/atbd/chlor a/
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Format Trendline (X

A O dl

v Trendline Options

Trendline Name
© Automatic Poly. (Log10(CHL))

Custom

Forecast

Forward 0.0 periods '

Backward 0.0 periods
Set Intercept 0.0
Display Equation on chart

Display R-squared value on chart

o


https://oceancolor.gsfc.nasa.gov/atbd/chlor_a/

Develop Algorithm Coefficient to Derived Chlorophyll from ﬂ
GCOOS Chlorophyll and and VIRRS Reflectance Ratio |

— The results will be displayed n the scatter

plot - : :
— Nofte the coefficients gy to a,from the :
eauation: I "’ .
y = 8.9354x% + 12.418x3 + 3.8933x2 - 0.2991x + o.4304l ~ o I .
R2 = 0.2689 5 T . e
O 1 e .. o T
o o 04 |
%” 03
Logl HL)=a0+) =a.(Log10(Rrs(Ablue)Rrs(Agreen)))) = |,
g O(C ) O Z I( g O( ( ) ( g ))) y =8.9354x* + 12.418x3 + 3.8933x2 - 0.2991x + 0.4304
Where i =4 } R? = 0.2689 .
Chlorophyl can be derived as: Log10(Rrs ratio)

exp(a0+Y=a(Log10(Rrs(Ablue)Rrs(Agreen)))!

h NASA's Applied Remote Sensing Training Program 15 ‘



