LAI-2000 / LAI-2200 Scattering Corrections

in FV2200 version 2.0b
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21 May 2013 - 2.0b (replaced Scatttering Setup Dialog with Scattering Input Tool)
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Preface to Beta Testers

Changes to FV8100

¢, and to peyform related tasks. There are three states a file can be in
with respect to scattering coxectiQng/ 1) a file does not contain the inputs (normal), 2) a file has
the inputs, but the correction is{isabled, and 3) a file has the inputs, and the correction is enabled.
Figure 7 on page 7 shows what the file looks like when it contains this input data. You could just
edit a file directly to add this, but the better method is to click the edit box for an LAI file in the
Scattering Control Panel to bring up a dialog that assists you in entering the required input data
(Figure 3 on page 5).

\

All computed values in FV2200 (LAI, MTA, Gaps, etc.) reflect the effects of the scattering correc-
tion if is enabled; there are no duplicate sets of values (i.e. no LAI_with_scattering,
LAI_without_scattering, etc.). There is one quantity (ScattCorr) however that tells you whether
the correction has been applied to that file, and if so, how much it affected LAI (see Figure 4 on
page 5). This is a quantity you’ll want displayed, and Figure 1 on page 3 shows how to set it up.

Sample Data Files

In the File Menu, under Samples, is a sample file containing data from Tonzi in August, that has
the scattering inputs included. The corrections are disabled, however. So, the quickest way to see
an example is to open this file, click the Scattering tool to open the Scattering Control Panel,
check the boxes to enable the corrections on as many files as you wish, then click OK.

Beta Version Updates

Just as the normal released FV2200 software reports updates (when you run the app), and lets you
look for new versions, the Beta version will do a parallel arrangement. So when updates to the
Beta version become available, you will find out. And also, or course, when the final version is
released.

In the meantime, please report all bugs and suggestions to me (jon.welles@licor.com).

Thank you for your help.
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What are Scattering Corrections?

LAI-2200 / LAI-2000 measurements of gap fraction are made by comparing above and below
canopy measurements of sky radiation. It is assumed that the below canopy measurements do not
include any light that was reflected by or transmitted through the leaves or stems. If the sun is not
directly illuminating the canopy, this is not a bad assumption, since the sensor is filtered for blue
light, which is largely absorbed by chlorophyll. If direct sun does illuminate the canopy, even if
the foliage absorbs most of it, the small fraction of the direct beam that is scattered is potentially
large enough to significantly effect the below canopy measurement and compromise the LAI cal-
culation.

The model presented in Kobayashi et. al.!provides a mechanism to account for scattered radiation
in the LAI-2200 / LAI-2000 measurements. This model has been incorporated into the FV2200
software to allow correction for scattered radiation.

The process is iterative:

1. Measure gap fractions with LAI-2200
From the measured gap fractions, we calculate a first guess of leaf area index (LAI) and leaf angle
distribution (LAD).

2. Predict the scattering effect on gap fractions
Run the Kobayashi model to predicts the error that an LAI-2200 would make in a canopy based
on LAI, LAD, and the other inputs.

3. Subtract the scattering effect from gap fractions.
The gap fractions are then adjusted to remove the predicted scattering effects.

4. Compute new LAI and LAD. Quit, or go to Step 2.
The adjusted gap fractions are used to compute a new LAl and LAD. If they have not changed, we
are done. Otherwise, go back to step 2 with the adjusted gap fractions.

Usually, after 4 or 5 iterations, we have a consistent set of gap fractions, LAI, and LAD.

How to Apply Scattering Corrections

The scattering corrections should be the last step in processing an LAI data file. Do all the other
post-processing steps, such as merging A reading from another file, applying calibration adjust-
ments, etc., before doing the scattering corrections.

There is also another constraint: All A and B readings in the file should be aimed in the same com-
pass direction. It is always the case that the As and Bs that are paired should be aimed in the same
direction; however, if the file is to be scatter corrected, and the file has paired readings in multiple

1. Kobayashi H., Ryu Y., Baldocchi D.B.,Welles, J.M., Norman, J.M. (2013) On the correct estimation of
gap fraction: How to remove scattered radiation in gap fraction measurements? Ag. and For. Meteorol-
ogy, 174-175: 170-183.

2/10



FV2200 Scattering Corrections

directions, the file should be split into multiple files so that

East-facing sequence of ABBB. Split it in two so you have

another file that is East ABBB. Apply the scattering correction to both files, then average the LAIs

at the end.

all the readings are in the same direc-
tion. For example, suppose a file consists of a North-facing sequence of ABBBB followed by an

one file that is North ABBB and

Step 1. Put the variable ScattCorr into the summary view (Figure 1). This tells you what files

have been scatter-corrected, and by how much.

800 ¥ FV2200 ver 2.0a
E] = = | [ [l [
Mew Open  Acquire  saveAs Export Expand Combine
=5 I bl @ = =] o
Copy Paste Delete Recompute Import  Strip Transform Scattering
z : 25
Statistics ©  Add Chart

8 = scatterhelplaifiles.txt

| _Fi Date SolarZen | Model RawStart RawStop A-B-7-1-2 ScattCorr I Le MTA | ACF
20100618 18:51:11 30.0 Horizontal 18:53:27 19:01:07 0-18-0-0- none .00 nan 0. nan
20100618 18:45:28 30.0 Horizontal 18:50:36 19:11:46 86-0-0-0- none 00 0.00 0. 0.000
900400 20100803 16:02:21 30.0 Horizontal 14:59:02 15:53:50 39-35-0-040 none .82 0.68 45. 0.831
0D1200 20100803 12:32:19 20.0 Horizontal 11:32:48 12:24:21 40-36-0-0-§ off .93 0.74 44, 0.802

Creatdd new view far fila /llcarc iinn /Nacktanicratrarhalnlaifilac tvt

4LAIfNesread | @ 1 0 W Items displayed in the Main View
. Items to be included
T Rins |
g 00: LAI_File
28: Cls_nu 02: Date
— 29: Cls_c 2E: SolarZen
2E: SolarZen 10: Model
2F: SolarAzm 03: RawStart
30: FBeam 04: RawStop
32: SkyViewCap 09: A-B-7-1-2
33: AViewCap 37: ScattCorr
31: ViewAzm 1A: LAI h
35: LeafRho 2D: Le
34: LeafTau 1E: MTA
36: SoilRho 2B: ACF
2A: MASK =
v [=]
|| Hide used items | Cancel | @

ScattCorr is a useful quantity to
have in the summary view.

we If it is not there, add it by click-

ing the Display edit tool, finding
/ it in the list, and dragging it to
the right side list.

Figure I1: Preparing the main view for scattering corrections.
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Step 2. Open the Scattering Correction Input Tool (Figure 2). This tool window will show the
scattering inputs for whatever file is selected, or the first one if a range is selected. The tool win-

dow will be blank if no file is selected, or if the selected files have

no scattering corrections inputs.

|| Show gap fractions

/

| Copyto Clipboard | | Edit.. |

Rewvert

800 W FV2200 ver 2.0b
E] = = | [ [l [
Mew Open  Acquire  saveAs Export Expand Combine
: mn X @ & B B E
Cut Copy Paste Delete Recompute Import  Strip Transform Scattering
4 b : i
Display  Statistics Add Chart
% < scatterhelplaifilis.bet 8
LAI_File Date Model RawStart | RawStop / | A-B-7-1-2 ScattCorr | EllipLAl | EllipX | LAl | Le MTA
* B3 20100618 18:51:11 Horizontal 18:53:27 19:01:07 0-18-0-0-0 none 0.00 0.00 0.00 nan O.
! 1 20100618 18:45:28 Horizontal 18:50:36 19:11/46 86-0-0-0-0 none 0.00 0.00 0.00 0.00 O.
*90D400 20100803 16:02:21 Horizontal 14:59:02 15:53:50 39-35-0-0-0 none 0.76 1.89 0.82 0.68 45.
*90D1200 20100803 12:32:19 Horizontal 11:32:48 12:74:21 40-36-0-0-0 0.78 45,
fi =
Created new view for file /I ra) S = m— Tool
4 LAl files read into view st 800 Zttering,Conechion lopuL.loo
Selected File Qe LEG
[EI Corrections enabled
File: 90D1200 i
Enabled YES
SolarZen  20.0 /’_
SolarAzm  152.
: FBeam 0.82 . >
Enable'/ Disable ' WideSky 666 632 517 477 329 Tg modllfy the in ' ts, you can
scattering correction ASky 76 95 81 77 57 either directly edit here, or click
for all selected files. i'{;;:\':é":fp a7 Edit to get the helpful dialog
AViewAzm 62. (Figure 3).
LonafDanfl NnNE2

Figure 2: The Scattering Correction Input Tool shows the scattering inputs for whatever file is selected. If multi-

ple files are selected, it shows the inputs for the first one.

You can perform these tasks from the Correction Input Tool window:

1. Enable / Disable corrections on all selected files.
Do this with the check box. Recomputations are immediate.

2. Edit inputs

You can directly edit in the window, or click Edit... to get the input dialog (Figure 3 on page 5).

3. Copy / Paste selected inputs to other files
Use the Copy to Clipboard button, then selected which inputs you
(Figure 5 on page 6).
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Step 3. Enter the required inputs. The details are described in “Scattering Correction Input
Details” on page 8.

Red indicates a value is different from the
one currently value stored in the file.

- NaNs] ¥ Scattering Inyﬁ/s for 90D1200
S i .
i om Eopaities __+ “Scattering Prop-
|#|  Zenith 20.0 Leaf tran. [0.013 erty Inputs” on
o —— . r | age 8.
usolar Beam = Azimuth |152. 50 (E Leaf refl. 0.053 p g
Inputs” on page 8. Fbeam [0.77] | Soil refl.  [0.000 |
N T 180 (S)
Sky Brightness Distribution
// | Measured =
“Sky Brightness ViewCap Ringl Ring2 Ring3 Ring4 Ring5
Distribution” on Wide Sky [270. || |666 632 [517 477 329
page 9. . : :
Asky [45.  [+| 76 95 81 77 57
A Azimuth: 62, | Visualize... |
™ Scattering Correction Enabled | Revert | | Quit | [ Keep ]

Set all values back to the
current values in the file.

Figure 3: The Scattering Correction Input Dialog for FV2200.

Step 4. View the results. All files which have a numeric value in the ScattCorr column have had
scattering corrections applied, and the other computed values (LAI, Le, MTA, etc.) reflect the
influence of the scattering corrections. The numeric value under ScattCorr represents the change
in LAI that the scattering corrections caused during the model iterations.

LAI_File Date SolarZen | Model RawStop A-B-7-1-2 ScattCorr | LAI Le MTA  ACF
B3 20100618 18:51:11 30.0 Horizontal 19:01:07 0-18-0-0-0 none 0.00 nan 0. nan
11 20100618 18:45:28 30.0 Horizontal 19:11:46 86-0-0-0-0 none 0.00 0.00 0. 0.000

90D400 20100803 16:02:21 30.0 Horizontal
*90D1... 20100803 12:32:19 20.0 Horizontal

15:53:50 39-35-0-0-0_no 0.82 0.68 45. 0.831
12:24:21 40—36—0—0— 0.99 0.78 45. 0.789

Created new view for file /Users/jon/Desktop/scatterhelplaifiles.txt
4 Lo Vi Iplaifiles.txt
ile Old_LAl New_LAI
90D1200 0.93 0.99

Figure 4: When there is a numeric value under ScattCorr, it means the scattering corrections have been
applied, and are reflected in the computed values. The ScattCorr value of 0.08 means the LAI increased by
that amount during the iterations of the scattering layer model. Note that LAl is computed using the ellip-
soidal method (ENlipLAl in FV2200) while iterating the scattering model, so the change value is usually
close to, but not exactly, the change in LAl as computed by the LAI-2200 method. In the above example,
according to the log information at the bottom, the LAI change was 0.99 - 0.93 = 0.06, while the EllipLAI
change was 0.08.
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Setting Inputs on Groups of Files

The Scattering Correction Input Tool allows you to apply inputs to a group of files (Figure 4).
Since you can select which inputs are used, this is especially useful for setting the values of
parameters that are common to a group of files.

8.00 Scattering Correction Input Tool
 Selected File  eTLENCHE
@Corrections enabled 2
File: 90D1200 8.00 Scattering Copréction Input Tool
: 3 - -
Enabled YES N | Selected Flle Clipboard
SolarZen 20.0 [g Enabled YES
SolarAzm  152. 0 |
EBeam 0.82 _| | SolarZen 20.0
WideSky 666 632 517 477 329 || |solarAzm 152.
ASky 76 95 81 77 57 | | |FBeam 0.82
SkyViewCap 270. [ MWideSky 666632 517 477 329
AViewCap 45. 0 K
AViewAzm 62. - v 76 95 B1 77 57
LaafDafl  NNE2 ™ [skyviewCap 270.
|| Show gap fractions Vi ™ |AviewCap  45.

LeafTran 0.013
SoilRefl 0.000

|| |AViewAzm  B2.
Revert |(| Copy to Clipboard | ) Ed ™ |LeafRefl 0.053
\%

5 G Paste into Selected File(s) |

Figure 5: To copy scattering correction inputs to a group of files, select a file that has the inputs you want to use.
Then, (1) copy them to the clipboard by clicking the copy button; (2) view the clipboard values; (3) check the
ones you wish to copy; (4) [not shown] select the target file(s); (5) click the paste button.

NOTE: If a target file has no scattering inputs, then pasting will insert ALL the inputs, not just the
checked ones.

Viewing Gap Fractions
The Scattering Correction Input tool has a mechanism to show before and after correction gap
fractions for a file (Figure 6).

8no Scattering Correction Input Tool

(=TT clipboard | Following the scattering inputs, will be a list of the Original
(G etz Gaps. Following that, will be Adjust Gaps, which have
File: 90D1200

been adjusted by the scattering model.

LeafRefl 0.053
LeafTran  0.013
SoilRefl 0.000

L For files that have scattering inputs, but don’t have correc-
Original Gaps, rings 1..5 . - . .
0.87802  0.005176 0.911762 0.535873 0.341 tions enabled, the original and adjusted gaps will be the
0.847636 0.895301 0.869647 0.809482 0.812
0.636963 0.871315 0.525048 0.364238 0.331 same.
0.765875 0.337497 0.194315 0.294747 0.598
0.912676 0.931197 0.941566 0.969084 0.885
0.991847 0.991575 1 1 0.681 : P . :
0.808566 001518  0.016745 0053382 0037 If a file has no scattering inputs, nothing is shown, includ-
0.401861 0.215795 0.254305 0.36709  0.370 ;
0.668347 0.745806 0.70633  0.445804 0.202 Ing gaps.

0.460682 0.404265 0.371662 0.695192 0.562
0.404904  0.474409 0.696391 0.55464 0.292
g B 0.882224 0.865401 0.757

(™ Show gap fractions

evert | Copyto Clipboard | | Edit... |

Figure 6: Viewing gap fractions.
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A Scatter-Corrected LAI File

Double-clicking on a file in the main view will bring up the single file view shown in Figure 7.
This illustrates how the scattering correction inputs are integrated into the LAI-2200 file structure.

8 00

File: 90D1200 03 Aug 12:32:19

Cancel

Header |

LAL_File  90D1200
Version 1.1.0
Date 20100803 12:32:19
Promptl 90 . . ) .
Respl RESPONSE1 Hint: a quick way to turn the scattering correction on and off
:mm;tz :RL“;%:ITSZEQ and view the effect is to edit the ScattCorr value and press
S Keep. If the value is non-numeric (e.g. off), Keep will cause a
N Model Horizontal recomputation without scattering; if the value is numeric (any
-3 ;‘E'L g:gg value), Keep will cause a recomputation with scattering, and
— P | ACF 0.789 the ScattCorr value will change to the LAl increase caused
% | DIFN 0.453 ; ;
o VA e by correcting for scattering
— % | SEM 4.
SMP
ScattCorr ( 0.08
SolarZen
SolarAzm 152.
FBeam 0.82
WideSky  666.00 632.00 517.00 477.00 329.00
ASky 76.00 95.00 81.00 77.00 57.00
SkyViewCap 270.
AViewCap 45.
ViewAzm 62.
LeafRho  0.053
LeafTau 0.013
SoilRho 0.000
MASK 1 1 1 1 1
ANGLES  7.000 23.00 38.00 53.00 68.00
— AVGTRANS 0.623 0.593 0.577 0.535 0.405
—P ACFS 0.768 0.700 0.752 0.841 0.833
— P CNTCT#  0.612 0.686 0.576 0.448 0.406
" |sTDDEV  0.618 0.714 0.513 0.310 0.236
DISTS 1.008 1.087 1.270 1.662 2.670
— | GAPS 0.539 0.475 0.481 0.475 0.338

Figure 7: When scattering correction inputs are added to an LAl file, they appear as the items in the red
rectangle. The ScattCorr value will be ‘off” if the scattering correction is not actually applied, and a
numeric quantity if it is applied. Quantities marked with a —p are dependent on whether or not scat-

tering corrections are applied.

7110




FV2200 Scattering Corrections

Scattering Correction Input Details

Solar Beam Inputs

The position inputs are zenith angle (in degrees: 0° is sun "
overhead, and 90° is at the horizon), azimuth (in Zenith [20.0

degrees: 0° is north, 90° is east, etc.). These angles PR — e .
can be found by using an on-line calculator, given '

your location and time (e.g. www.esrl.noaa.gov/gmd/ Fheam (082 -

grad/solcalc). \
Open website for a solar calculator.
FBeam is fraction of beam, which the fraction of the
total incoming sky radiation that is direct beam (not from clouds or sky) in the waveband used by
the LAI-2x00.

All three inputs show up on the indicator diagram: the yellow line indicates azimuth, the distance
of the sun from the center of the view cap along that yellow line indicates zenith (sin0 , actually),
and fraction beam shows up as color, somewhere between yellow (1.0) and white (0.0).

ToDo: How to measure FBeam with a wand....and perhaps how to estimating with a quantum sen-
sor, given sky conditions? ...

Scattering Property Inputs

Leaf transmittance, leaf reflectance, and soil reflectance are all
for the waveband used by the LAI-2x00. Typical values might
be 0.01,0.05, and 0.2 respectively. It is important to get these
correct, as these are at the heart of the scattering correction.

Properties

Leaf tran. | 0.013
Leaf refl.  0.053

Soil refl. | 0.000

ToDo: How to measure with a wand...
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Sky Brightness Distribution

We need to know how the sky brightness is distributed, both for the potentially narrow band
viewed during the measurement, and also for the entire sky (minus the sun, of course). Thus, two
sky readings are required for this, one (A Sky) with the same sized view cap as is used for the
measurement, and the other (Wide Sky) with as wide a view as possible. If the sun is not
obscured, use a 270° cap, and orient the sensor so the sun is in the blocked part of the view.

Sky Brightness Distribution

| Measured =

View Cap Ring 1 Ring 2 Ring 3 Ring 4 Ring 5

Wide Sky 270. v | |666 632 517 477 329

A Sky |45, v| |76 95 81 77 57

W Sky Brightness Distribution

A Azimuth: |62, | Visualize... |[————
\ \ : Clearw/Lowsun  * Wide Sky

........... <+ ASky

Unitarm

=
Normalized Brightness
|
+
+

0 80

Very Important: Both sets of readings (Wide Sky and A Sky) must a) with the same LAI-2x00
wand, and b) the calibration parameters (ring multipliers) in effect for the readings must be the
ones on the calibration sheet for that particular wand. This is necessary here (unlike for normal
measurements) because the relative ring-to-ring readings are important, and the factory calibra-
tion numbers were generated with the wand viewing an isotropic source (a large integrating
sphere).

The view caps used for both readings need to be known. No view cap means 360°.
The A Azimuth is the azimuthal direction toward which the center of the view cap was aimed dur-
ing the for the A Sky distribution. This must also be the same direction (and view cap) as all A and

B readings in the data file.

The best option is to measure the Wide Sky and A Sky distributions, but there are alternatives that
you might fall back on if those readings weren’t performed at the time the data was collected:
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Option 1. You can assume an idealized distribution (Figure 8), based on observed sky condition.

\ Pick the option you think
ST o 1 o 7.2) : comes the closest. The ratio
Uniform Distribution (1 : 1) (e.g.1:2.4) s the ratio of
v Assumed |- Overcast (1: 0.67) brightness at the zenith to
Std Overcast or Clear w/ High Sun (1 :0.33) brightness at the horizon.
ikv Brightness Dislrihu[‘tn / - n_ S Bl
_.u_.:.;_ -::sw
| Assumed 4 || Partly Cloudy (1 : 2.4) &) /
View Cap Ring 1 Ring 2 Ring 3 Ring 4 Ring 5 é '__/-"_/
Wide Sky 360 | v| 100.6 1063 1188  141.6  181.9 ; sl
ASky |45, v| 12.57 13.29 14.84 17.7 22.74 : e
A Azimuth: 20, | Visualize... | adl : : : ;
L n zm‘m:nw”“',n "

The Wide Sky ring values are based on the chosen distribution.
The A Sky rings are computed from Wide Sky, and the ratio of view caps.

e.gforring 2, 13.29 = 106.3 x 2>
360

Figure 8: Using an Assumed sky brightness distribution option. This represents a method of getting a reasonable
approximation if you hadn’t made the required measurements at the time of data collection.

Option2. Assume the wide sky distribution was identical to that measured by the A readings in
the file (Figure 9). Be careful with this option however: The portion of the sky viewed with a nar-
row view cap may not at all be representative of the whole sky, especially if scattered clouds are
present. Also, before using this option, remember that the multipliers for the A rings need to be for
isotropic conditions (factory cal), and not factors that have been adjusted to match a B sensor. At
the very least, view the plotted distribution to see if it falls into the idealized range.

Sky Brightness Distribution

Based on A's  * s
View Cap Ring 1 Ring 2 Ring 3 Ring 4 Ring 5 é /..-_"'
Wide Sky 360 |+ | 82.4 125.6  137.6 160 157.6 ; ——— —
A Sky |45, | 103 15.7 17.2 20 19.7 H S
A Azimuth: 20, | Visualize... | il

Figure 9: In the right circumstances, you could use the average of the A readings in a file and assign it to the
sky distribution. There are a number of reasons this can go wrong, so it’s good to view the distribution plot,
which in this case does look suspicious.
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