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Introduction

FV2200 version 2 introduces two major new features: the option to apply a model (Kobayashi et

al.!) to correct for scattering errors in LAI measurements, and support for GPS records from the
LAI-2200C.

The scattering corrections involve some important new recommendations for how to take mea-
surements with LAI-2x00 instrumentation. These recommendations are laid out in the operating
manual of the LAI-2200C, and are summarized at the end of this document (Appendix A: Scatter-
ing Corrections on page 35).

Throughout this document, the generic model number designation LAI-2x00 refers to any of the
LAI-2000, LAI-2200, or LAI-2200C instruments. If material is specific to any one of those, then
that specific model number is used.

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

8 00 ¥ FV2200 ver 2.0
b = B B m = S e
New Open Acquire saveAs | Export Map Expand Combine
oD X % & 2 E
Cut Copy Paste Delete Prompts Recompute Import  Strip Transform Scattering
£ T e

Display  Statistics Add Chart

= Import_Match_Method2.txt

LAI_File | Date RawStart RawStop TransComp  Model Records | ScattCorr | LAI SMP
AA 20131031 13:17:26 13:17:43 14:32:29 a-p-s Horizontal 19A none 0.00 0
Bl 20131031 14:28:57 14:30:04 14:31:40 a-p-s Horizontal 8B none 0.00 0
M1 20131031 13:18:01 13:18:31 14:32:33 a-p-s Horizontal 4A none 0.00 0
B2 20131031 13:19:00 13:19:07 13:19:55 a-p-s Horizontal 6B none 0.00 0

Created new view for file [Users/jon/Documents/Import_Match_Method2.txt
4 LAl files read into view Import_Match_MethodiE.txd

Acquire - Read files from an LAI-2000 or LAI-2200 via RS-232 (1.1 Loading Data Files into

FV2200 on page 4).
Add Chart - 3.1 Charts on page 25.
Combine - 2.5 Combine Multiple Files (FV2200) on page 21.
Cut - Removes selected files from current view, adds to file clipboard.
Copy - Copies selected files from current view, adds to file clipboard.
Delete - Removes selected files from current view.
Display - 1.3 Change the Displayed Variables on page 6.
Expand - Split an LAI file into pieces (2.6 View LAI for each B record on page 22).
Export - 3.3 Spreadsheet Export on page 33.
Import - 2.3 Import and Adjust A Records on page 15.
Map - 3.2 GPS Maps on page 28.
New - Create a new, empty view.
Open - 1.1 Loading Data Files into FV2200 on page 4.
Paste - Copies files in file clipboard (see Copy, Cut), and adds them to the current view.
Prompts - 2.7 Edit Prompts and Remarks on page 22.
Recompute - 2.0 Recomputing Files on page 14.
saveAs - 1.2 Saving files in a view on page 5.
Scattering - 2.4 Scattering Corrections on page 17.
Statistics - 3.4 Summary Statistics on page 34
Strip - 2.8 Strip Records on page 23
Transform - 2.9 Transform Records on page 24.
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1.0 Basic Operations

1.1 Loading Data Files into FV2200
LALI files can be read directly from an LAI-2200 or LAI-2200C when it is attached to the com-
puter via USB. Click the Open tool button (or File > OPEN)

006 Select file(s) to read

IR E = LRI s (@

FAVORITES ~ Name “| Date Modi
v 1

El Dropbox ] D.ATA Oct 9, 20!
| - Yesterday

[ Desktop

AATXT Yesterday

%Y jon 4 BB.TXT Yesterday

#\ Applications 1 BBLTXT Today 8.3

o Downloads | CUM.TXT Oct 11, 2C

| MATCH45.TXT Oct 1, 201

[ Development | MATCH90.TXT Oct 1, 201

ﬁj Documents 1 MATCH180.TXT Oct 1, 201

The LAI-2200 shows up as an external @) Pictures S STRATTX, 0st 20,20

. . . | STRATL.TXT Oct 29, 2¢

drive named LAI. The data files are in EVICES 5 TTLTXT oct 1, 201

the folder named DATA. < o =MALito) SiaSI
TwEsia

Files of type: | Data files (*.dat *.txt *.prn) 4

| New Folder | | Cancel | Open

When reading files from disk, if more than one is selected, you are prompted with

8,00

Load these files into one view?

Click NO for one view per file

| Cancel | | No | [ Yes. }

Data can also be read via RS-232 from LAI-2000 and LAI-2200 consoles. Click the Acquire tool
button (or File > Acquire) to open the Acquire Wizard, and follow the steps.

8 00 W Acquire Wizard (RS-232)

Introduction

This wizard will help you download LAl files from an
LAI-2000 or LAI-2200 console via RS-232.

Note: With an LAI-2200 console, you don't need

to do this. Instead, you can connect dire(tlv‘vith (115:3
and access the files on the console as if it

were an attached disk.

® LAI-2200
() LAI-2000

4/54



FV2200 2.0 User Guide

1.2 Saving files in a view
All of the files in a view can be saved by File > saveAs, or by clicking the saveAs button. Usually,
each file retains its format (LAI-2200 or LAI-2000), but this can be overridden (see below).

.06 Save as
Save As: lLA!~20(!U_samp!e.kxt | |£|
[ stEEm] im || =~ || [ Documents sl
FAVORITES N — .

(2] Dropbox LAI-2C2.TXT
[ Desktop LAI-2C3.TXT

i LAI-2C4.TXT
& jon LAI-2C5.TXT
(f.\ Applications LAITEST_0304.TXT
) Downloads LAITESTL.TXT

LAITEST3.TXT

Devel it
B Developmen LAITEST4.TXT
;_ Documents
Pictures

Fileg of typt ¥ Retain format (*)
P H Use LAI-2200 format (*)
You can explicitly specify the format _Use AL 2000 T U _
. . \ New Folder Capcel \
to be used when saving files.

Another (perhaps better) method of converting a file from LAI-2000 to LAI-2200 format is given
in 2.10 Convert LAI-2000 to LAI-2200 on page 24, which allows you to specify sensor serial
numbers.

There is probably no good reason to convert an LAI-2200 format to LAI-2000, as much ancillary
data (scattering corrections, GPS information, etc.) will be in the old format.
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1.3 Change the Displayed Variables
Click the Display tool icon (or View > Display) and bring up the Display dialog.

The list of all viewable items is
divided into three categories:
Header - single-value items in
an LAl file’s header.

Rings - Ring summary items
from the file’s header.

Recs - ltems from the raw
data records.

With Ring items, you can spec-
ify which ring(s) you want to
view. For each box checked, an
separate entry is created in the
display list. For example, drag-
ging over Gaps results in
GAPS[1] through GAPSI[5]
when all the rings are checked.

8086

¥ Items displayed in the Main View

Rm Items to be Included
= 00: LAI_File

00: LAI_File 02: Date

01: Version 03: RawStart

02: Date 04: RawStop

03: RawStart 09: Records

04: RawStop 0A: TransComp

05: Prompt1 OB: Model

06: Prompt2 32: ScattCorr

07: Respl 15: LAl

08: Resp2 1A: SEM

09: Records

0A: TransComp

08: Model Drag Drop

0D: SensorPosX

OE: SensorPosZ

OF: RowRatio

10: Volume L ==
|_| Hide used items | Cancel | | OK |

| List of items displayed in the
main view. ltems can be added
to the list by drag and drop from
the left side.

The list is sortable (click and
drag). ltems can be removed by
selecting them and using the
trash button. The list can be
saved and read from disk.

eno ‘¥ Items displayed in the Main View
{ Header JNTTEN Recs |- emiemeeueed
04: RawStop
0A: TransCom|
&1 @2 @3 4 &5 0B vodel
84.1: GAPS[1]
89: AVCTRANS 84.2: GAPS[2)
B1: CNTCT# 84.4: GAPS[3]
82: STDDEV 84.8: GAPS[4]
83: DISTS 84.16: GAPS[5]
84: GAPS 09: Records
85: LAILWE 32: ScartCorr
86: DIFN_Wt T
87: CIsLAD lE‘ @
=
("] Hide used items | Cancel | @

806

‘¥ Items displayed in the Main View

For any Recs item, specify the

| Header | Rings lm

Maximum
Minimum
Count

| Mean :

40: RawTime
41: RawTOD

C1: RawB [BIRIEIRIR]
44: RawL

42: Rawl

43: Raw2

61: GPS_lat

62: GPS_long

63: GPS alt

[ Hide used items

Items to be included
02: Date

03: RawsStart

04: RawStop

0A: TransComp
08: Model

09: Records

32: ScattCorr

15: LAI

18: SMP

0 L
| Cancel | @

transformation you wish per-
formed to make that value a sin-
gle item that can be displayed.
Some Recs items are 5-value
ring items, and these let you
specify which ring(s) to display.
Each ring becomes a separate
entry.

For example, dragging over Raw
with one ring checked and the
transform set to Mean results in
Mean(RawA[1]).

Figure 1: The dialog used to pick which variables to display in a view. It is also used to pick variables to export

in spreadsheet format or picking the set to get statistics.
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1.4 Sorting the Displayed Variables
The order in which files are displayed in a view can be sorted by right-clicking in a view and

enabling Allow Sorting. When sorting is enabled, just click a column heading to sort the files by
order of items in that column. Click the column again to reverse the sort order.

= Tonzi_Aug_2010_

LAI_File
90D730A

Date Model TransComg
20100803 18:54:32 Horizontal a-p-s

Right-click in a view to enable/disable sorting EE

180D530A
135D400
90D530A
90D230A
180D730A
180D230A
13501200

20100803 17:01:13 Horizontal a-c-c
20100803 16:03:35 Harizantal a_p-g
20100803 16: 5 [NCUEECICLEM - <
20100803 14:55:09 Horizontal a-c-c
20100803 18:55:28 Horizontal a-c-c
20100803 14:56:21 Horizontal a-c-c
20100803 12:31:08 Horizontal a-c-c

1.5 Viewing File Details
Double click a file entry to bring up the File Details window.

= Tonzi_Aug_2010_

LAI_File

Date |

A | Model

TransComg

135D1200 20100803 12:31:08 Horizontal a-c-c

9001200 20100803 12:32:19 Horizontal a-c-c |
led, click a column header

w

With sorting enab

1&ooesom

90D400
135D400
90D530A
180D530A
90D730A
180D730A

CTUIUUDUT IF. JUE T

20100803 16:02:21
20100803 16:03:35
20100803 16:59:45
20100803 17:01:13
20100803 18:54:32
20100803 18:55:28

TroTTZOUTTCET
Horizontal
Horizontal
Horizontal
Horizontal
Horizontal
Horizontal

T=—C=C
a-c-c
a-p-s
a-c-c
a-c-c
a-p-s
a-c-c

8 00 W FV2200 ver 2.0d
b= b B m & R i
New Open Acquire saveAs Export Map Expand Combine
F= =1} g ra LY £ | B
Cut  Copy Paste Delete Prompts Recompute Import  Strip  Transform Scattering
4 z =3
Display  Statistics Add Chart
» Import_Match_Method2.txt
LA File  Date RawStart  RawStop  TransComp  Model Records  ScattCorr | LAl SMP
AA 20131031 13:17:26 13:17:43 14:32:29 a-p-s Horizontal 19A none 0.00 0
*Bl 20131031 14:28:57 14:30:04 14:31:44 a-p-s Horizontal 8A BB none 1.11 8
M1 20131031 13:18:01 13:18:31 14:32:33 a-p-s Horizontal 4A none 0.00 0O
20131031 13:19:00 13:19:07 13:19:58 Horizontal Double CIle
09303 09008 \
File #Recsir @00 File: B2 31 Oct 13:19:00
B1 8
B2 6 | As Read m Gap Fractions  All Values  Header | Sky Test |
Remnvina view Imnn
Cancel Keep
LAI_File B2
Version 1.2.17
Date 20131031 13:19:00
Promptl Below
Respl
o 2

All Values: Shows all possible computed values.
Header: GUI for changes (1.5.3 Header on page 9).
Sky Test: A tool for quantifying the effect of sky conditions in terms of LAl uncertainty. (1.5.4 Sky Test on page 10).

As Read: A read-only text of the file as it was read from disk or the instrument.
Current: An editable text view of the current state of the file (1.5.1 Current on page 8).

Gap Fractions: View the details of a file at each B reading, including LAl (1.5.2 Gap Fractions on page 8).

ANGLES 700U ERv ELAu EERT oEUU
AVGTRANS 0.397 0.580 0.441 0.280 0.230
ACFS 0.810 0.831 0.886 0.942 0.972
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1.5.1 Current
The Current tab shows an editable text view of the current state of an LAI file.

8 0o File: 1 24 Sep 15:26:37
| As Read @ Gap Fractions  All Values = Header = Sky Test |
Cancel Keep
If you make editing changes, these [ALFie 1
. Version
button become active. Date 20090924 15:26:37
Promptl
Keep - keep your changes. P
- Prompt2
Cancel - abandon your changes. Reans
TransComp a-p-s
Model Horizontal
### Computed Results
LAI 3.76
SEL 0.12
ACF 0.963
DIFN 0.050
MTA 4.
SEM 12.
SMP 11
##4# Ring Summary
MASK 1 1 1 1 1
ANGLES 7.000 23.00 38.00 53.00 68.00
AVGTRANS 0.025 0.036 0.062 0.073 0.056
ACFS 0.949 0.981 0.955 0.948 0.977

1.5.2 Gap Fractions

The Gap Fractions tab shows the LAI and Gap Fractions for each B record that was used in the
LAI calculation (Figure 2). If a file is scatter corrected, there is more information on each line: the
pre-correction gap fraction, and the K record information that is associated with each B reading
(Figure 3 on page 9).

SaVe th|S as a text f”e 8 00 File: 2 24 Sep 15:23:12
As Read Current Gap Fractions All Values Header = Sky Test
_aap mEetions
g
To copy-paste into a Copy o clpbourd
spreadsheet, use this —— ——— Obs Time gap(1] gap[2] gap(3] gapl4] gapl(5]
2 15:23:55 0012463 0.0117411 0.0132931 0.0166818 0.0221272
button for the copy 3 15:24:02 0.0373237 0.0132238 0.0106325 0.0179251 0.0217182
4 15:24:08 0643829 0.0855951 0.020276 0.0179036 0.0211412
part of the task. 5 15:24:15 0.420268 0.0339515 0.0181841 0.0160013 0.0263807
7 15:24:39 0179416 0.0205627 0.0115516 0.0456375 0.0584341
8 15:24:46 0.886801 0.0574751 0.0237301 0.0167704 0.0307252
9 15:24:55 0.0714128 0.0153701 0.0113442 0.0200851 0.0279138
10 15:25:02 0.0369666 0.0214651 0.0176408 0.0204119 0.0209564

Figure 2: The Gaps Fractions tab shows LAl and gap fractions for each B reading in a file.
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800 File: Filel 12 Jul 10:00:33
| As Read | Current All Values = Header | Sky Test
.| | Copy to dlipboard

B_Obs Time LAI GAP[1] GAP[2] GAP[3] GAP4] GAP[S] OrigGap[1] OrigGapl[2] OrigGapl3] OrigGapl4] OrigGap[S] fBeam

5 09:43:26  1.03981  0.876656 0.784742 0.695203 0.309796 0.138674 0.882206 0.791695 0.704671 0.324237 0.155975 0.596273
6 1.72661  0.106997 0.33791  0.53514  0.184148 0.100276 0.119272 0.350991 0.547681 0.197244 0.116136 0.596273
7 1.96863  0.354331 0.148991 0.220155 0.227184 0.128235 0.371684 0.159142 0.232728 0.241016 0.145201 0.596273
8 1.86087  0.303115 0.176164 0.367794 0.172124 0.138437 0.320068 0.186945 0.381609 0.18495  0.15573  0.506273
9 2.62253  0.191057 0.186686 0.116389 0.0079336 0.0564156 0.205644 0.19771  0.126289 0.108255 0.0695642 0.596273
10 2.25768  0.850518 0.817095 0.0077437 0.0714653 0.0735022 0.857212 0.823137 0.10712  0.0806269 0.0878918 0.596273
11 1.70246  0.117326 0.250036 0.116341 0.424091 0.219247 0.129884 0.262303 0.126241 0.438125 0.238002 0.596273
12 09:45:53  1.50247  0.227772 0.614742 0.428317 0.0918763 0.275342 .0.243367 0.625508 0.44194  0.101932 0.294319, 0.596273

) Pre-correction gap fractions.
K Record info.
800  — File:Filel 12Jul 10:00:33
[ AsRead = Current All Values Headar__Sky Test |

5] “fBeam AViewCap AViewAzm WideSkycap WideSky[1] WideSky[2] WideSky[3] WideSky[4] WideSky[S] ASky[1]  ASkyl2]  ASky[3]  ASky[4]  ASkylS]
50596273 45 0 360 548.5 635 751.2 932.4 814.7 41.46 58.52 61.66 74.02 81.68
5 0596273 45 0 360 548.5 635 751.2 932.4 814.7 41.46 58.52 61.66 74.02 81.68
1 0596273 45 0 360 548.5 635 751.2 932.4 814.7 41.46 58.52 61.66 74.02 81.68

0.596273 45 0 360 548.5 635 751.2 932.4 814.7 41.46 58.52 61.66 74.02 81.68
12 0596273 45 0 360 548.5 635 751.2 932.4 814.7 41.46 58.52 61.66 74.02 81.68
18 0.506273 45 0 360 548.5 635 751.2 932.4 814.7 41.46 58.52 61.66 74.02 81.68
) 0596273 45 0 360 548.5 635 751.2 932.4 814.7 41.46 58.52 61.66 74.02 81.68
) 0596273 45 0 360 548.5 635 751.2 932.4 814.7 41.46 58.52 61.66 74.02 81.68

Figure 3: The Gap Fractions view for a file with scattering corrections.

1.5.3 Header

The Header tab provides a graphical summary of the header information in a file.

8 00 File: 2 24 Sep 15:23:12
| AsRead | Current | Gap Fractions = All Values @ Sky Test |
Ring Summary Canopy Model & Mask
Ring#1 Ring#2 Ring#3 Ring#4 Ring#s
Angles 7 23 38 53 68
CNTCT# 2.078 | 3.377  3.296 | 2.350  1.353
sToDEV  1.433 | 0.615  0.223 | 0.192 0.120
DISTS 1.008 | 1.087 | 1.270 | 1.662 | 2.670
F7IN 0.123 | 0.025 | 0.015 | 0.020 | 0.027
Plot any of the ring Wi 41[0.131 | 0.200 | 0.290 | 0.337
B W_difp 0.033 | 0.097 0.127 | 0.141 | 0.102
summary items == ! | ! | |
i icki 0.14
_S|mply by clicking A | \i :
in the row. L
Eﬂm Model= Horizontal
03 Mask= 11111
0.04 Comp= a-p-s
0.02 o 5 =
0 Scattering Correction

0 10 20

30 40 50 80 70

[ Edit... |
Angle (deg) ‘ ! ‘

No inputs

Scatter Inputs dialog, see Figure 11 on page 21
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1.5.4 Sky Test

The Sky Test tab in the Details Window (Figure 4 on page 11) provides a tool to quantify the vari-
ability of the sky conditions in terms of uncertainty in the LAI that would exists if you were mak-
ing LAI measurements then. You can use the Sky Test analysis to measure sky stability (with
time), or to get an indicator of sky uniformity (consistency with direction of view).

You can apply this test to the A readings in a normal file, or in an above file, to see the potential
sky-induced variability for the sky conditions you had.

The analysis consists of using the first A record (or whatever record type you choose) as the stan-
dard, then compare subsequent A records to it. Gap fractions are computed for each ring for each
pair. If there is no change from one to the next, all the gap fractions would be 1.0, and the LAI is
0. If there is a change in one or more rings, then LAI increases. (Note: for this analysis gap frac-
tion is always computed such that it is < 1. That is, gap fraction for a ring is the “below” value
divided by the “above” value. If that turns out to be > 1, we simply invert it so itis < 1.)

The analysis either runs through the whole file comparing all records to the first, or whenever the
time difference exceeds some limit set by you, that record becomes the new reference. Figure 4
indicates that for a clear blue day, gaps in time between reference readings and below canopy
readings up to 300 seconds will result in an LAI uncertainty of only 0.01. With a 30 second differ-
ence, the uncertainty drops to 0.001. Clearly, blue skies are nice for stability.
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806 File: TT10 07 Oct 13:07:55
~———————{ AsRead | Current | Gap Fractions All Values = Header M’_\
T I [_] Max Delta (s)
Target records: | RecType A = @Max Delta (s) @ '] @
e ™ log scale [ fixed Min |.0001 Max 1.0
Compute ™ log scale ¥ fixed Min |.000L Max 9
14
82 0.00213976 19 1
93 0.00238019 ] 1
104 0.00251457 4
114 0.00266042 i 014
124 0.00262483 3 3 I
134 0.00259189 g j
- 1 H ,/
2 g 00l
g 0.01 WY, a3 B
] *y ]
g IENSUT T2 LACES R g ]
2 '!?iua. F
1 .1 24 0.001 o
0.001 o1& q
1 Te
3t 1
.
11 0.0001 !
0.0001 - [ T
I L B 0 500 1000 1,500 2,000
0 50 100 150 200 250 300 Time Difference (s)
Time Difference (s)

Figure 4: Sky test applied to data collected near noon on a clear blue day. The Max
Delta, if checked (left) means the reference reading shifts periodically so the time
differences stay within the limit you specify (300 secs in this case). If unchecked
(right), the reference reading for the entire file remains the first record.

Some other sky types are shown in the figures below.
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Figure 5: A heavy, non uniform overcast moving quickly with the wind is a
tough sky to work with. Even with only 10 seconds between A and B read-
ings, you can still have LAl uncertainties of up to 0.1. If you let that time
stretch out to 60 secs, the uncertainty can get up to 0.5 in some of the cases

captured here
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-
’ S -.'\ ‘-_ _;'S..,,. = Figure 6: A twenty minute period of broken to scattered cumulus on a fairly

S = N windy day. This is also a difficult sky to work with. Time differences between A
and B readings need to be kept as short as possible.
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| Figure 7: Thirty minutes under cirrus clouds. This is a fairly easy sky to work
- with, as LAl uncertainties are well under 0.1 even for 5 minutes time intervals.
For under one minute, the uncertainty is 10 times lower.
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You can also use the Sky Test to measure the penalty for not having above and below readings
exactly aligned (Figure 8 on page 13). Open a file and log about 10 or 12 readings in the general
direction of interest. For example, if you are using a 45 degree view cap and intend to make LAI
measurements aimed to the North, then make those readings between NW and NE; use whatever
azimuth range you think can be easily maintained during a measurement session, bearing in mind
that in a tall canopy, you may not keep your bearings quite as well as you might hope, and the
below readings may have a wider range of direction than you think.

Stability With Direction Stability With Time

e "“b'
avtfterqyale P
o o sasletilys
GIE(TIS 1 3 YT S I ¥
] . t. .
e [avetftische
: 1o\ 24
| AP
* .

001 1=

0.1 o

0.01

Apparent LAl
Apparent LAl

0.001 0.001 o

0.0001 — 0.0001

R e e S R
o 10 20 30 40 50 &0
Time Difference (s)

R e e e o e
0 50 100 150 200 250 300
Time Difference (s)

Figure 8: A fairly uniform overcast. The data plotted on the left were collected over 1 minute, with the wand
aimed in a variety of directions +/- 45° of the target direction. View cap was also 45°. This gives an indication
of directional uniformity. The data plotted to the right is about 20 minutes of data collected with the wand
fixed on a tripod.
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2.0 Recomputing Files

Recomputing a file usually happens automatically as needed, such as after importing A records, or
adding scattering corrections. There are times, however, when you might need to remove a ring, or
change how transmittance is computed, and for those you can use the Recompute Dialog. This is
available by clicking the Recompute tool (or Edit > Recompute). The dialog is also accessible

for a single file from the Header tab of the Details view (1.5.3 Header on page 9).

Specify canopy geometry

How to compute

transmittance \

8 .00 ¥ Data Recompute

[E Change Canopy Model

() Horizontal (default) () Isolated Measured

|
Distl]  1.008
Dist2]  1.087
Distf3] 1270 i
Ko
Dist[4] 1.662
Distfs]  2.670

[E Recompute Transmittance

Which Records are Above?

() Compare 1st A/B pair (default)
(+) A is above

() Bis above

Determining Above Values

@ use the Previous above record (default)
w.:'_- Interpolate above records

w.:'_- use the Closest in time above record
Bad Readings
@Skip records with transmittance > 1 (default)

() Clip transmittances at 1.0

() Isolated Computed

@Change Mask

M1 —
¥2@39
#3389
M4(539
#5687

| Exclude rings

Which Files?

(s) Selected
Al

| Cancel |

2.1 Exclude Rings from Analysis

You can use the Change Mask in the Recompute Dialog, or edit the file directly in the Details

Window (1.5.1 Current on page 8).

In Recompute Dialog.

ittance
o7

B pair (default)

(] Change Mask

179

™2 (23
3 (38
M4 (53
15 (68

14 /54

In Details Window

[:HaNs] File: 2 24 Sep 15:23:12
|M Gap Fractions All Values
| Cancel | Keep
SEC 0.13
ACF 0.962
DIFN 0.028
MTA 47.
SEM 12.
SMP 8
ing Summary
MASK 1 1 1 1 0
68.00
AVGTRANS 0.286 0.032 0.016 0.021 0.029
ACFS 0.598 0.934 0.990 0.984 0.983
CNTCT# 2.078 3.377 3.296 2.350 1.353




FV2200 2.0 User Guide

2.2 Interpolate A Records
You can use the Recompute Dialog. For a single file, you can use the Detail View, Header tab, or
Current tab.

In Recompute Dialog. In Details Window
& Recompute Transmittance 8eno File: 2 24 Sep 15:23:12
Which Records are Above? | As Read Clm:m'ltr_ Gap Fractions All Values H
() Compare 1st A/B pair (default) c |m| Eé
(+) A is above a -
() Bis above b \I;'}zlr_:i::)‘; 2
. Date 20090924 15:23:12
Determining Above Values Promptl y
@ use the Previous above record (default) p 2?;:1;12 Set the mlddle Value
() Interpolate above records i Resp ‘ to ‘i’ for interpolation_
(_) use the Closest in time above record c rComp ‘75 Bl
### Computed Results
Bad Readings LAl
SE| 013
@Skip records with transmittance > 1 (default) S
() Clip transmittances at 1.0 c
The three groups refer to the three groups in the
.\ Recompute Transmittance. The options for each

group are shown here.

2.3 Import and Adjust A Records

When one sensor collects B records, and another sensor collects A records, that data needs to be

put together. Unless the sensors were matched prior to collecting data, an adjustment needs to be
made to one of the data sets. The discussion of this is in Appendix B. Three Methods for FV2200

Matching on page 47.

Once you’ve collected the data, merging and adjusting is quite simple. Follow the steps below. If
you wish to try this with same sample data, open one of the built-in sample files found in File >
Samples (pick Import_Match_Method1), then go to step 3.

1. Open the above and below files. You may elect to put them into one view.

2. If the data was collected with Match Method 1 or 2, load in the associated Match files.
3. Click the Import tool button to open the Import Records Dialog.
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Match Method 1 Example.

The source file contains 86 A records
made by sensor PCH-3006. We have
two destination files, each with only B
records, made with two different sen-
sors, PCH-3002 and PCH-3004. The
match file, made on an earlier day, con-
tains 6 A records: two each for the thre
sensors.
In this case, we need this boxchecked.
Otherwise, we would have multiple sen-
sors in our destination files, and would
not be able to compute a single adjust-
ment factor per ring. Note: there is a
warning displayed when this is the case:

Multiple B units across Target files
(Check the 'Compute adjustment...independently’ box)

8086

‘W Import Records

Dest files: For each | B record, INSERT

Source files: Choose A records to import using | closest in time il

@Adjust imported A values by

+| an imported A record.

\ Method 1: B / A pairs in Match % | For B_3002 uses 2 data pairs.

Preview this... |

E] Compute adjustment for each Dest file independently

Interpolate match records (only for special circu

[ ForB_3002 %

nces)

View

¥ Import_Match_Method1.txt

Source Dest atch | File Date From To #A #B #L 47

B 3002
A_3006
B 3004
™ MATCH

20130727
20130727
20130727
20130630

13:22:48
13:11:16
13:12:4
13:05:0

13:30:07 0
13:32:31 86
13:17:49 0
13:05:13 6

o wvom
coc oo
a

[_cancel |

You can preview Wwhat the adjustment factors
clicking Preview this.... When computing th
as we are here, you can select which fil

ill be for each ring by
for each individual file,
at information is for.

4. Click the OK button to perform the import (and adjustment, if that box is checked). Sample
results for the example above are shown below:

Method 1 Example Results

Closest in time A records have been
imported. The imported records are from
sensor PCH-3006, and are labelled W2 in
the records.

The adjustment factors that the W2 rings
were multiplied by as they were imported

are shown here.

ErPEPED>®EDED>®ED

8 00 File: B_3002 27 Jul 14:17:58
|m Gap Fractions All Values Header | Sky Test |
Cancel Keep
STDDEV 0.075 0.208 0.636 0.575 0.327
DISTS 1.008 1.087 1.270 1.662 2.670
CAPS 0.487 0.382 0.318 0.373 0.383
#it# Contributing Sensors
Sensor w1 PCH-3002
W2 PCH=3006-_1.0742 1.1988 1.0582 0.95404 1.1015
#HH# Observations

20130727 13:22:46 w2 64.14 84.59 71.17
1 20130727 13:22:48 w1 69.07 79.77 34.06
96 20130727 13:25:02 w2 63.22 83.69 69.99
2 20130727 13:25:04 w1 65.02 45.35 28.01
101 20130727 13:26:16 w2 62.97 83.52 69.99
3 20130727 13:26:24 w1 28.47 25.43 9.933
104 20130727 13:27:02 w2 62.23 83.40 69.73
4 20130727 13:27:07 w1 62.62 84.84 31.43
107 20130727 13:27:47 w2 62.29 83.03 69.33
5 20130727 13:27:49 w1 80.16 102.60 88.88
110 20130727 13:28:31 w2 61.70 82.51 69.14
3 20120727 12-22:20 w1 R7 AR an as 7018

Interpolate match records. One of the options for Methods 2 and 3 is to interpolate the adjust-

ment factors over time. This is normally not necessary or recommended, unless a) you have good

match data (i.e. viewing clear, blue sky) at the start and end of your measurements, and b) some-

thing happened during the measurements that would lead you be believe this is necessary, such as

dust accumulation on the above sensor lens. Note: this is NOT the same as interpolating A
records; this is interpolating the adjustment factors for modifying those records as they are

imported.
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Examples for using Match Methods 2 and 3, and a combination of the two, are shown in
Figure 27 on page 50, Figure 28 on page 51, and Figure 29 on page 52.

2.4 Scattering Corrections
The scattering corrections are discussed in Appendix A: Scattering Corrections on page 35.

LAI-2000 Note: Applying scattering corrections to a file in LAI-2000 format will automatically
change its format to LAI-2200 format. If you wish to include some sensor information in the new
format, you might wish to convert the file yourself (2.10 Convert LLAI-2000 to LAI-2200 on
page 24) prior to adding scattering corrections.

2.4.1 Generate K records from Sequences

The data for a K record is usually in the form of a 4A sequence, but other patterns are possible
(Other Ways to Make K records on page 40). To convert such sequences to a K record, do the fol-
lowing:

1. Load the file into FV2200.
2. Click the Scattering tool icon (or Edit > Scattering).

3. Click K Records —_—
4. Select Make K from Clipboard | Selected File |

Sequence \I\

| __—

Wide Sky View Cap | 360 (none) = | Only used in AAAA or BBBA
'A' View Cap |45 -

I Scattering Correction Input Tool

| Make K from sequence =

Auxiliary K information

5. Enter ancillary information. <

6. Check the files according to

R K 'A' View Direction |0 0=N, 90=E, etc.
the input sequence(s) in the file.

Check the appropriate K record input sequence

AdAA AAA | BBBA BBA file date from to #A #B | #K
™M [ Filel 20130712 09:42:05 09:48:13 5 8 0

Check boxes will appear for all pos-
sible patterns in the file. In this case,
there are no BBBA or BBA patterns
found. so no boxes for them. | Make K Records in Checked Files |

| /

7. Click the Make K Records... button.

Normally, you only check 1 pattern (AAAA, AAA, etc.) per file. You can get away with mixing
certain patterns, however, such as AAAA and AAA, or BBBA and BBA provided the sequences
do not run together. In other words, 4A or 3A sequences surrounded by B records would be fine,
or 3B or 2B records surrounded by A records would be fine. (You would not want to mix A
sequences with B sequences, however). The order that FV2200 converts records in a file (if doing
more than one sequence in the file) is this: 4A, then 3A, then 3BA, then 2BA. So, if you have 4A
and 3A together, the 4As will be done first, before the 3As.
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If you do check more than one pattern for a file, you will see a warning. It won’t stop you, it’s just
a check to see if you know what you are doing.

Check the appropriate K record input sequence

AdAA AAA | BBBA BBA file date from to #A #B | #K
M & Filel 20130712 09:42:05 09:48:13 5 8 0

Multiple sequence patterns in one file? | Make K Records in Checked Files |

2.4.2 Generate K Records from assumptions
Sky inputs for scattering corrections can be generated for old files using some assumptions and
the measured A records. If the sun was obscured, you know the fraction beam was 0. If it was a

clear blue day with the sun not obscured, you can opt for the software to guess at a reasonable
fraction of beam value for you.

800 Scattering Correction Input Tool

.! ﬁﬂ Clipboard | Selected File |

| Make K records from assumptions % |

Assumption

Make 1 K record for | each file using Average A = \/

L —

+ each file using Average A
each A record in each file

Q Clear Blue Sky (guess Fbeam from solar zenith}) = | |

@ Foeam= [0.00]() | —————If you select this option, Fbeam will be
e Sy istion: oo | | estimated (roughly) from the solar zenith
Auxiliry K information | J angle using f.,,, = 0.9,/cos0

Wide Sky View Cap| 360 (none)  + | Only used in AAAA or BBBA

A View Cap 45 |~

'A'View Direction0 | 0=N, 90=E, etc.

™ 3A and BBA patterns don’t need this, since it is
The following files have A records, and no K records

assumed the ‘A’reading is also being used for the
Target file date from to #A #3 K
&)

1 20090924 15:26:43 15:28:06 3 11 0 wide sky reading.
™ 2 20090924 15:23:21 152521 3 8 0

| Generate K Records in Checked Files |
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2.4.3 Import K records
If you have K records, but not in the right file, or need to share K records among multiple files,
then use the Import K Records option of the Scattering Tool.

800 Scattering Correction Input Tool

!; g! Clipboard | Selected File |

| Import K records =

Pick source and destination files below...

Source Dest  file date from to #A HBEK

Source - files that have K records. £ 1 20000924 15:26:43 15:28:06 3 11 1
Dest - files that need K records. & 2 20000924 152321 152521 3 8 O

| Import K Records |

2.4.4 Setting Scattering Inputs for a group of files
The Clipboard tab of the Scattering Input tool is designed to set inputs for a range of files, rather
than just one file (2.4.5 Enter or Edit all inputs for one file on page 19).

8no Scattering Correction Input Tool

| KRecords [FllILETH Selected File |

M Scatter Correction is (s) ON () Off
(1/3) Scattering Properties

[V Leaf Reflectance |0.05

@LeafTransmittan(e 0.01
™ Cround Reflectance 0.05

(2/3) View Cap Info (ignored if K records present)

If a file has K records, this ¥ Wide Sky View Cap_360 (none) ¢ |

section is ignored, even if MW ViewCap4s ||

checked. ™™ | @ Viewbirectios ] 0=N, 50-E, etc
(3/3) GPS (ignored if G records present)

If a file has G records (GPS  Latitude(43

info), this section is ignored, ™ Longitude[-95 |

even if checked. Surcls  |tws) = Local Time

In the Main View, select the
|_Apply to All selected Files | filg(s) you want to apply these
inputs to. Then click this button.

Figure 9: The Clipboard tab of the Scattering Correction Input tool.

2.4.5 Enter or Edit all inputs for one file

Usually the sky inputs for the scattering corrections are done with K records (K Records on

page 39), but this can be bypassed and done entirely in one dialog. The Scattering Input Dialog is
accessible via the Scattering Tool (Edit > Scattering) as shown in Figure 10 on page 20. A file in
the main view must be selected.
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If the file has scattering inputs, the relevant part of the file header with those inputs is shown in an
editable text box.

File with scattering corrections File without scattering corrections

Scattering Correction Input Tool 800 Scattering Correction Input Tool
{ K Records = Clipboard EEEIaB | K Records = Clipboard EEzlaB
File: Filel File: 1

ngrEctiuns enabled

#HH# Scatter Correction
ScattCorr ~ 0.095
LeafRho 0.050
LeafTau 0.010
SoilRho 0.050
SolarZen 50.8
SolarAzm  96.
TimeZone -5

CpslLat 43.00000000
CpsLong -96.00000000
#it# K Record Averages
SkyViewCap 360.
AViewCap 45.
AViewAzm 0.

| Copyto Clipboard | | Edit... | Copy to Clipboard

| Add Scattering Inputs to this file... |

Set the clipboard (Figure 9 on

age 19) using these values. View the Scattering Input Dialog (Figure 11 on page 21).
800 Scattering Correction Input Tool

{ K Records = Clipboard EEEIaB
File: Filel
ngrEctiuns enabled

#HH# Scatter Correction
ScattCorr  0.095
LeafRho  0.055[
LeafTau 0.010

SollRho  0.050 T ———— | See Figure 21 on page 37 for information on editing scat-
olarZen R . . . .

SolarAzm 96 tering inputs in a file header.

TimeZone -5

CpslLat 43.00000000
CpsLong -96.00000000
#it# K Record Averages
SkyViewCap 360.
AViewCap 45.

AViewAzm 0.

| Cancel | | Keep |

Figure 10: Select File tab of the Scattering Tool.
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A dialog box for entering or viewing all the scattering inputs for a file is shown below.

800 W Scattering Inputs for 2
v Computed \"L o Scattering Properties
-_— | | Computed & R
—© Leaf tran. 0.01
Zenith 0.0
P — 00 270 (W) 0 90 () Leaf refl. 0.05
Solar angles can be |—{ Lat, Long, UTC... | Soil refl. [0.05
. 180 (S)
entered d|rect|y, or Sky Brightness Measurements
you can COmpUte No K records present FBeam 0
i View Cap Ring 1 Ring 2 Ring 3 Ring 4 Ring 5
them from latitude
and longitude. Wide Sky 360 |~| 6 6 6 6 6
ASky 45 |1 1 1 1 1
A Azimuth: |0 | Visualize... |
[ Scattering Correction Enabled Revert | Quit | Keep
806 » 7; Salar ;\ngle’Ca’lmlamrfi . —
Latitude |34.365| e.g. 40.1234 or 40d30'20'N
Longitude |-95.876 e.g. -96.1234 or 96d30123"W
Data file's mid-time |2009 Sep 24 15:24:21 [+]
Offset from UTC (hrs) |-5 | Based on this OS and Date
[_| Relative to Local Terrain
Slope (deg) 0 © = levall If the sloped terrain method was used (Working on Slopes on
T B 0= — [ page 53), then specify the parameters here to make the solar
angle relative to the terrain. Direction of slope is the direction
UTC= 2024 that if faces.
Solar Zenith= 46.25
Solar Azimuth= 227.44
| Cancel |

Figure 11: The Scattering Inputs dialog can be used to view the inputs for a file that has them, or to add all the
inputs to a file that needs them. If you use K records, you can avoid entering information with this dialog.

2.5 Combine Multiple Files (FV2200)
The Combine Files dialog (File > Combine) lets you pick a selection of files for which all of the
data records are to be combined. The file header information of the resulting file will be based on
the first file’s headers in the source list.

(@06 ' Combine Files

Create a new file by combining“kl files in the active view.

all

_: o
New file name: |Combined | Cancel | OK

If you need a more customized method to combine files, there is always cutting and pasting from
the Detail View. The thing to watch if you do that, however, is the Contributing Sensor informa-
tion and the Sensor ID values of each record. The Combine Files automated routine takes care
relating sensor IDs (W1, W2, etc.) to the proper sensor in a new list. For example, if one file has
one Contributing Sensor, say serial # 1234, and another file has a different one (#4321), if you
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combine by cut-and-pasting records, all files will have sensor ID’s of W1, and differences will be
lost. The automated Combine, however, will leave you with W1 and W2 records, with both sen-
sors appearing in the Contributing Sensor list labelled appropriately as W1 and W2.

2.6 View LAI for each B record
The simplest method is simply double click the file and view the Gap Fractions tab in the Details
Window (Figure 2 on page 8).

The harder method (before version 2.0, it was the only method) is to click the Expand dialog icon
(File > Expand). This will let you generate a lot of files from one file. You have the option to
change the transmittance computation method for all the files, as well.

8N File Expand Dialog
| Create a file for each Above/Below pair = ]
Operate on | selected = \ files in the active view \

|_| Override source file's Transmittance method 8 + Create a file for each Above/Below pair
g Create a file for each Above and all associated Below records
Which Records are Above?

Compare 1st A/B pair (default)
=) Ais above

B is above

Determining Above Values

=) use the Previous above record (default)
Interpolate above records
use the Closest in time above record

Bad Readings
= Skip records with transmittance > 1 (default)

Clip transmittances at 1.0 0K

| Cancel |

2.7 Edit Prompts and Remarks
For a single file, this is most easily done using the Detail Window for a file: 1.5.1 Current on

page 8.

8 00 File: Filel 12 Jul 10:00:33

| As Read @ Gap Fractions | All Values | Header = Sky Test |

| Cance |

LAI_File Filel
Version 1.2.11

Promptl Type whatever you like here...

Respl ... and here
Prompt2 ... and here
Resp2 ... and here.
TransComp a-p-s

Model Horizontal
#HH# Scatter Correction
ScattCorr ~ 0.095
LeafRho 0.050
LeafTau 0.010
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For a group of files, this can be done all at once using the Prompts and Responses Dialog (Edit >
Prompts).

® O O ¢ Prompts and Responses Dialog

Select the file whose prompts and

Setfrom file (We2__ > responses are used to fill this dialog.

@Promptl Plot
Check the items to be set in

. . . [ Responsel A123
the destination files.

@PromptZ Code
@Responsez 15|

Which files?

») Selected —
@Stlected | [~Gancer |

2.8 Strip Records
Records can be stripped from an individual file by editing them in the Details window
(1.5.1 Current on page 8).

For a range of files, use the Strip Records dialog (Edit > Records > Strip)

0 O O ¥ Remove Records from Wilderne...

BRemo-elicconzliie Records can be identified by type (A, B, etc.)
.@‘ 2221:52: _LL—"" or- for LAI-2200 format - by the sensor that
(] RecTypeG made the record. This box will list all types of

|/ sensonD PCH3213 records found in the files in the view.

=) And Or

[_| Remove Records by Time

Records can also be removed based on time

Start: 10 Oct 2013 16:08:46 |, | —
== stamp.
Stop: 10 Oct 2013 16:21:05
Which LAI files? -
(e) Selected
Al | Cancel |
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2.9 Transform Records
Records can be mathematically transformed using the Transform Dialog (Edit > Records >
Transform).

© O O ¢ Transform Records in WildernessPark.txt

Which transform? (X is the old value, and Y is the new one)

S
Ring 1 Ring 2 Ring 3 Ring 4 Ring 5
m=[10 |0 o o o |
Select the mathe-
matlcal transform Which LAI files? ‘Which records? -
@Sslened |W
Al ERRE [ Cancel |
¥ RecType A Select the record type to be
RecType B . .
SensoriD PCH3001 transformed. The list will show

the wand and light sensor
records it found. They can be
selected by sensor ID, or by type.

You will probably never have occasion to use this dialog; it was introduced early on to apply after-
the-fact calibrations to sensors. Now that importing and adjusting has become one step

(2.3 Import and Adjust A Records on page 15), this dialog may be obsolete, but it is here if you
need it.

2.10 Convert LAI-2000 to LAI-2200

There are a couple of ways to do this. To convert a single file, you can use the Current tab of the
Details Window (Figure 12 on page 24). The advantage of this method is that you have an oppor-
tunity to specify sensor serial numbers, which are useful when doing importing and adjusting
records (2.3 Import and Adjust A Records on page 15).

8 00 File: 14 04 May 19:28:47
| As Read @ Gap Fractions Al Valyes | Header = Sky Test |
Cancel keep (| convert to LAI-2200 format |
FILE DAWE PLANTS REM LAI SEL
T 19:28:47 W WHEAT 2.09 0.06
@ MO O LAI-2000 to LAI-2200 Conver... (2)37gg iﬂogg iBz(lig (;‘80(7!2
When you convert fprmats, you have an T gree  Loselao 1077
opportunity to specify the year (not el L.o87 1.270 1g62  2.670
. . Year [2013 |[3) 0.435 0.265 0.134 0.056
included in the clock of an LAI-2000), and =
. . @Cuntrihuting Sensors 19:28:58 14.46 15.68 20.80 219
also the instrument serial numbers of A, B, -~ 19:20:07 1190 7684 6644 395
1, and 2 records. A PCH-0825 [~ | 192934 11.07 8.947 6.874 3.47
———— 19:29:38  7.484 6.993 6.390 3.66
8 [pcH-0001 |+|
If you leave a field blank, or uncheck the e
ContrlbL.Jtlng.Sensors qu, then thg con- y—T7
verted file will not contain a Contributing
Sensors section. CCrcel ] RS

Figure 12: Converting LAI-2000 to LAI-2200 in the Details view.

Another method of converting formats is when saving a view (1.2 Saving files in a view on
page S).
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3.0 Viewing Data

3.1 Charts

Click the Add Chart button (or View > Add Chart) to bring up the Chart Setup dialog.

A
0A:TransComp
0B:Model
0D:SensorPosX
OE:SensorPosZ
OF:RowRatio

-none-
+ Diamond
Cross
DTriange
LTriangle

8086

10:Velume

¥ Chart Setup

UTriangle
XCross

11:Area
12:DLLAI
13:ViewCap
27:ViewDir

Vertical Axes

1]

Match Left, Right scaling

Triangle
Hexagon
Box

16:SEL
26:ACF

Variable
| 15:LAI

Rings 1-5

symbol [
+ | | Box

Vert Axis
| Left

Style
= | | NoCurve

= | EFile

28:Le
17:DIFN
18:DIFN_Sky
19:MTA
LASEM
1B:SMP
1C:LangLAl
LD:ElpLAI
LEEllipX
LFEIpMTA
20:CIsLAI
21:CISMTA
22:Cls_mu
23:Cls_nu
24:Cls_¢
29:SolarZen |
2A:SolarAzm
2B:FBeam

Bottom Axis

44— | 02:Date

Limit to ring | 1

Favorites v |

Group by

NoCurve

+ Lines
Sticks
Steps

4| Chartttle |Lai History

\ Dots

Legend | Right i |\

LAI Files: | Selected or ALL %
Data Source: \ WildernessPark.txt #\ @Aum update

| Apply | | Cancel | |

oK |

2D:SkyViewCap
2E:AViewCap
2C:AViewAzm
30:LeafRho
2FiLeafTau
31:50ilRho
32:ScattCorr
33:GpsLat
34:GpsLong
37:GpsUTC
38:TerrainSlope
39:TerrainDir
35:TimeZone
3C:GpsQual
3B:GpsNum
25:MASK

80:ANGLES()
8B:ACFS[]
89:AVGTRANS()
BL:CNTCT#{]
82:STDDEVI]
83:DISTS[)
84:GAPS()
85:LAI Wi[]
86:DIFN_Wtl]
87:CISLAD(]

the x variable)

40:RawTimel]
41:RawTODI]
CO:RawA[)
C1:RawB[]
44:Rawl
42:Rawl
43:Raw2
61:GPS_lat
62:GPS_long
63:GP5_alt
64:GPS_qual
65:GPS_num
66:GPS_utc
51K fhaam
v

for the x variable)

p

Delete a favorite >

"Contact” CNTCT# vs. ANGLES
“Lai History" LAl vs. Date
"Time Series" RawB, RawA vs. RawTime

Ring summary variables
(Typically use 80 Anglesl] for

Raw records variables }
(Typically use 40 RawTime][]

Selected only
All
First only

Chart for WildernessPark.txt
Lai History

1|

LA o ey e e
15:56 16000 16:03  16:06  16:10 l¥13 1616

T
16:20  16:23
10 October 2013

= LAl:WP4
= LAl:WP3
LAL:WP2

Edit...

+ Auto-update
Data source >

Page setup...
Print...
Capture...

Remove this chart
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bring up the context
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either double click it, or
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Charts can be made to plot data from the currently selected file(s), and update whenever the selec-
tion changes. This makes it very simple to step through a long list of files examining some rela-

tionship for each.

8. 006 W Chart Setup.
Vertical Axes
|:| Match Left, Right scaling
Variable Rings 1-5 | Vert Axis Symbol Style Group by
SLONTCT#[] | EIFIKFE | Left ) [Box 2| [Lines : | EFile ORing
Bottom Axis e |
‘. 80:ANGLES[] H Chart title |Contact

Oumittaring[1__]() When Auto update is selected, changing

the selected file(s) in a view will change

the plot.
[ sw [ Apply | [ cancel | [ Ok ]
800 W FV2200 ver 2.0
o o= = =] m & R B
®00 Chart for Wilderness Park.oet New Open Acquire saveAs  Export Map Expand  Combine
= CNTCT#WP4 L 8 82 Fa I R i | E
Contact Cut  Copy Paste Delete Prompts  Recompute Import Strip  Transform  Scattering
28 ¢ 3 i )
26 - Display ~ Statistics : Add Chart
T
24
Ez,z < LAI_File | Date RawStart | RawStop | TransComp | Modal Records. Scart
£ D
S 2 -
18 g
16 =
14 £
rl’ T Il‘n‘ T ‘z‘nl T '}IO T '4‘0‘ T slnl T Isln T '7‘0 Created new vie.w fm.ﬁ\e /Users/jon/Documents /LAI-2200_sample.txt
ANGLES 2 LA files read into view LAI-2200_sample.txt
— Created new view for file
fUsers/jon/Documents /LAI-2200/GPS /WildernessPark /WildernessPark.txt
2L AL &l BT S TY T R S S
800 W FV2200 ver 2.0
800 Chart for WildarnessPark.txt = =) = [} iy ] (e (]
= CNTCT#WP3 Mew Open Acquire saveAs @ Export Map Expand Combine
Contact B~ BB g = 1Y @ =} B
& Cut  Copy Paste Delete Prompts  Recompute  Import Strip  Transform  Scattering
Ny
22 — . z 3

“\l_‘\ Display  Statistics Add Chart
=

E; a. { @ LAI-2200_sample.txt WildernessPark.txt
3

18
16 WP4 20131010 16:21:24 16:21:36 16:27:47 Horizontal 2A 30B 32G
WP3 20131010 16:08:39 16:08:46 16:21:05 Horizontal 3A 50B 53G
14 = WP2 20131010 15:58:12 15:58:24 16:08:19 Horizontal 2A 25B 27G
12
L e e s o o
] 10 20 30 40 50 60 70| 0
ANGLES . .
SR Created new view for file /Users/jon/Documents/LAI-2200_sample.txt

2 LAl files read into view LAI-2200_sample.txt

Created new view for file
/Users/jon/Documents/LAI-2200/GPS/WildernessPark/WildernessPark.txt
E Y T U MY YT PO S S
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The raws records are usually plotted as time series plots.

800 W Chart Setup

Vertical Axes

E Match Left, Right scaling

Variable Rings 1-5  Vert Axis Symbol Style Group by
| C1:RawB(] z ) | Left 2| [ XCross : | | Lines | OFile ElRing
| CO:Rawa[] > [ Left | [Cross | [ Lines N_File ERing
Bottom Axis T :
[ 40:RawTimel[] s Chart title |Time Series
Legend | Right B L3
Limit to ring 1 .
LAl Files: | First only al
Data Source: | LAI-2200_sample.txt :| ™ Auto update
| Favorites v | | Apply | | Cancel | [ OK ]

Grouped by Ring Grouped by File

[ XaXa) Chart for LAI-2200_sample.txt [-Xa)a) Chart for LAI-2200_sample.txt
Time Series + RawB[1] Time Series
250 : . . ; ;
4 # RawB[2] # RawB:1
] = | RawB[3] + RawA:1
200 i |
] ——————— RawB[4] 1 I —
150 = [ 150
R + RawA[1] R
= 100 = LUt = 100
E + RawA|[3] ]
50 + RawAl[4] 50
b + RawA|[5] E
] =
o e 0 = :
L S e o e e e B — —— —— — T
15:26:40  15:27.00 152720 15:27:40 152800  15:28:20 15:26:40  15:27:00 15:27:20  15:27:40  15:28:00  15:28:20
24 September 2009 24 September 2009
e

If files have G records, you can make a chart of the measurement track by plotting latitude vs. lon-
gitude. A better way to plot GPS data is 3.2 GPS Maps on page 28, however.

800 W Chart Setup
800 Chart for WildernessPark.txt Vertical Axes
e SsmemeniRat E Match Left, Right scaling
40.784 — ! !
] + GPS_lat:WP4
b + CPS._lat:WP3 Variable Rings 1-5  Vert Axis Symbol Style Group by
40.782 | i - [6LiGPs_lat 2 [Left <) [Diamond  :| [Lines 2 EFile
p { GPS_lat:Wp2
5 4078 B
2 1 L Bottom Axis : |
1 —rme .| Charttitle |M t Path
S 40778 _ | 62:GPs_long B casurement -2
] 3 Legend | Right gl
40.776 P, Limit to ring 1 : -
] V{_‘ e LAl Files: | Selected or ALL |
] ‘:::3- 3
40.774 — Data Source: | WildernessPark.txt :| ™ Auto update
T IEPCENNES 5,11 m—’
-96.724 -96.723 -96.722 -96.721 -96.72 -96.719 -96.718
GPS_long ‘ [ Apply | [ cancel | [OK |
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3.2 GPS Maps

FV2200’s Map tool (File > Maps) (Figures 13) provides a mechanism for exporting a .kml file for

Google Earth.

806 W FYZ20Q ver 2.0
El = 2] = iy N I
New Open Acquire saveAs | Export
=~ B 0 X [ E
Cut  Copy Paste Delete | Prompts Recompute  Import  Strip Scattering
£ z %
Display  Statistics Add Chart
WildernessP: 800 ' Export .KML File Dialog
LAIFile  Date RawStart | RawStop | TransComp | Model Records o I
WP4 20131010 16:21:24 16:21:36 16:27:47 a-p-s  Horizontal 2A30832¢ | NM-DocName WildernessPark.txt ;
WP3 20131010 16:08:39 16:08:46 16:21:05 a-p-s  Horizontal 3A 50B 53C a 1
WP2 20131010 15:58:12 15:58:24 16:08:19 a-p-s  Horizontal 2A25B27C | Include which files
| Target  file | date from to #G
WP4 20131010 16:21:36 16:27:47 32
5 & WPl 20131010 16:08:46 16:21:05 53
Removing view Import_Match_Method1.txt ™ WP2 20131010 15:58:24 16:08:19 27

Created new view for file
JUsers/jon/Documents/LAI-2200/CPS/WildernessPark/WildernessPark.txt
3 LAl files read into view WildernessPark.txt

No grouping

Croup by File

+ Group by Marker

Markers to draw for each selected file

Pin at average G record location

Average LAl, height = LAl * 30

Path on ground for A, B

Polygons for each G type

LAl Profile, height = 30 * LAl @ each B
Marker at each A site

Marker at each B site

3D Pin (50m) at average G record location

IREROOOC

[+][-] | View/Edit Details... | | Options v
L

| Group by Marker -

™ View in Google Earth | Cancel |

Get Directions  History

¥ Places

v @Q My Places - =
» MED Sightseeing Tour -
Make sure 3D
Buildings
¥ [=}<3 Temporary Places
v =& WildernessPark.txt

[« ENEESEA(EY :

MEE] Primary Database

> @F Borders and Labels
M@ Places

> @'3 Photos
[ == Roads

> 3D Buildings

» [EH* Ocean

» [ %# Weather

Figure 13: Markers at A and B for three files. The numbers are the record number for the G records associ-

ated with the A or B readings. The LAI profile (turned off here) is shown in the next figure.
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Figure 14 illustrates some of the default marker styles available. Any can be modified, however.

¥ (=} Temporary Places
¥ (=} FV2200 Styles Demo

LAI-2200 GPS Data

» MED Pin @ Avg
> D Avg

» MED AB Path
» B Go0..Go

» [ ED LAI Profile
» B A's

» B3 B's

|« EYMEIEACS

¥ (=} Temporary Places
¥ (=} FV2200 Styles Demo

LAI-2200 GPS Data

» G2 Pin @ Avg
» (&3 Avg

» [ B2 A,B Path
» (JB G0..Go

» MIE3 LAl Profile
» B A's

» (&2 B's

Bal [+[+v/e

¥ (=8 Temporary Places
¥ [5)& FV2200 Stvles Demo
LAI-2200 GPS Data

» [ B2 Pin @ Avg
> [ E2 Avg

» [JE3 A,B Path
» @2 co..co

» [_|E3 LAI Profile
r [ A's

» [ B3 8BS

D!ﬁ" =

¥ [=F3 Temporary Places
v [5)& FV2200 Styles Demo

LAI-2200 GPS Data

» [_ED Pin @ Avg
> [_E3 Avg

» [_ED A,B Path
» & co..co

» | ED LAl Profile
» MBI A's

» VB B's

[« IO

Figure 14: Some of the default marker options with FV2200.
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Figures 15 through 20 illustrate how to edit a marker, or add a new one.

Remove selected marker

Add new marker, or
edit existing marker
(Figure 16 on page 30)

?& View/Edit Details... |

800 ¢ Export .KML File Dialog

KML Doc Name |WildernessPark.txt |

KML Doc Description [LAI-2200 GPS Data |
Include which files
Target | file  date from to #C
(] Wp4 20131010 16:21:36 16:27:47 32
WP3 20131010 16:08:46 16:21:05 53
WP2 20131010 15:58:24 16:08:19 27

=

Markers to draw for each selected file

E Pin at average G record location
[ Average LAI, height = LAI * 30

Path on ground for A, B

@] Polygoens for each G type
™ LAl Profile, height = 30 * LAI @ each B
\ &)
¥

Marker at each A site
Marker at each B site

| Options v |<

| cancel | @

Grou Marker 1
| SEOUP: Y, AF KOS m—y;

M\n‘iew in Google Earth

Read list from file...
Save list to file...

Make this the default list

Revert to the default list
Revert to the factory list

Figure 15: the KML export dialog.

The marker edit dialog is shown in Figure 16.

800 L3 ‘¥ Item: Path on ground for A, B

Point (icon)
“Point (square)
v wPath
#Polygon

\

All

+ Selected (below)
Lai Profile

> G Records:| Selected (below) % |

Name in Dialog Box: |Path on ground for A, B
Marker label in KML file: |A B Path

M 7| w Path

3| [[] Average

Description Items

[02:Date [+] [15:La1 [+] | [~]

gCombins multiple data sets

M GO with this specifier: \ Logged with A or B records

06l 06z 63 e+ (J6s (66 (J67 (JG8 (JG9
mED)
Height (m) = 50 [_Itimes [ 00:LAL File +]

Drawing Options

Lines: . width: @ Sufaces:

Make New ltem Revert Apply

Any GO Record
Logged with A records
Logged with B records
+ Logged with A or B records
Not logged with A or B records

Figure 16: The marker idem dialog is presented when adding a new marker, or editing an existing one.
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v E)é WildernessPark.txt

AL-2200 GPS Data

WP3

¥ Item: Average LAW = LAl * 30

faht = LAl = 30

Name in Dialog Box: |Average LAl

Marker label in KML file: |Avg

Marker: | [ Point (colum

Description Items

[V Average Size (m): |5

|02:Date [+ [15:LAl Te] [

v/ GO with this specifier: | Any GO Record

3D

Drawing Options

Lines: - width: (1.5 @ Sufaces: -

| Make New Item |

vicit ¥Me2 ¥e3 Vs ¥Mes VMee Mcr Mcs VG

Height (m) = 30 (I times | 15:LAI i —

[+]

G Records:| Al f————>4Comhine multiple data sets _| L . )
— Location is the average of all G records in the file.

. Height is 30 times the value of LAI.

Revert | | Apply Figure 17: Column marker example.

& Pin

v P8

\

v (5 WildernessPark.txt
LAI-2200 GPS Data
» (B3 Avg
» D LAl Profile
» ¥ B's

_ ¥ ltem: MarNa[_ea_ch B site

Name in Dialog Box: |Marker at each B si
Marker label in KML file: |B's
Marker: | Point (icon) :| [JAverage | 8

Description Items

[02:Date [=] [15:A1 =] [

G Records:| Selected (below) i

Combine multiple data sets

Te]

MGO with this specifier: | Logged with B records

:+————+——Location is the average of GO records

logged with B records.

| Make New Item |

0l Je2 [Je3 (Jea UJes [Jee ez (e [JGo
13D
Height (m) = 30 [ times | :
Drawing Options Color comes from the icon’s default,
Lines: - width: |1.5 LEJ Sufaces: and thlS

Revert Apply

Figure 18: The B marker example.

31/54



FV2200 2.0 User Guide

20130822 11:34:33
20130822 11:35:30
20130822 11:35:52
20130822 11:36:39
20130822 11:36:59
20130822 11:37:1
20130822 11:37:4
20130822 11:38:0
20130822 11:38:1
20130822 11:38:4
20130822 11:39:3
20130822 11:40:0
20130822 11:40:
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40.856608
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40.857026
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40.857008
40.856449
40.856749
40.856983
40.857103
40.856825

-96.658795
-96.658751
-96.658491
-96.657747
-96.657657
-96.657624
-96.657705
-96.658067
-96.658261
-96.658471
-96.657822
-96.657425
-96.656957
-96.657023
-96.657
-96.656467
-96.656506
-96.656713
-96.656709
-96.656552
-96.656528
-96.656428
-96.65646
-96.656368
-96.656008
-96.655986
-96.65574
-96.655706
-96.655722
-96.654914
-96.654627
-96.65441¢
-96.654571
-96.65565¢
-96.65709¢
-96.657164
-96.657134
-96.65705z
-96.656997
-96.657277
-96.657357
-96.65757<
-96.65758
-96.65754¢
-96.65855
-96.658784

354

353.4
353.5
360.3
354.3
357.7
345.7
354.6
355.3
352.1
364.3
360.5
362.5
350.7
354.8
344.4
339.6
342.9
347.4
369.4
3R7 2
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800 W Export .KML File Dialog

KML Doc Name |LI-COR Campus| ]
KML Doc Description |LAI-2200 GPS Data |
Include which files

Target file date from to #G
#  MULTIG 20130822 11:34:33 11:54:01 46

Markers to draw for each selected file

[ Average LAI, height = LAl * 30

(| Path on ground for A, B

M Polygons for each G type

| LAIProfile, height = 30 * LAl @ each B
(] Marker at each A site

(| Marker at each B site

a8

| Group by Marker ¢ |

| View/Edit Details... | | Options ¥ |

™ View in Google Earth

Ganeer |

1.08
1.08

20130822 16:56:04
20130822 16:56:30

Figure 19: Illustration of plotting G records with differing IDs. This file (data shown in background) is data
obtained on a walk around the LI-COR campus. Each building or area was marked by logging with a numeric key
instead of the Log key. When plotted as a path (top), you see the walk progress. When plotted as polygons, we get 8

independent entities on the map.
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[-¥aNs) ‘¥ Item: Polygons for each G type [-NaNs) ‘¥ Item: Path on ground for all G types

Name in Dialog Box: |Pulyguns for each G type Name in Dialog Box: ‘Path on ground for all G types
Marker label in KML file: [G0..Co| Marker label in KML file:
Marker: | {J Polygon 4| [ Average Marker: | 1 Path 2| [ Average

Description Items Description Items

[02:Date [=] | [~ | [~] (02:Date [+] [15:La1 [~] | [~]
G Recurds:|W| ["] Combine multiple data sets G Records:| All il ™ Combine multiple data sets
(™ GO with this specifier: [ Any GO Record #} V| GO with this specifier: | Any GO Record =

Mc1 ™Mc2 ¥Mcz o4 Mes Moe Mor e Mao vicl Ma2 Me3 ¥Maa Ves Mo Vo7 Ves (VG
[ED] 3D

Height (m) = 20 | times [ 4 Height (m) = 50 [ times | 00:LAI_File :
Drawing Optiens Drawing Options

Lines: width: @ Sufaces: - Lines: - width: Sufaces:

| Make N | [ e New e | e | ol |

Figure 20: Marker configurations used in Figure 19. Note the use of the Combine multiple data sets check box.

3.3 Spreadsheet Export

You can export data in spreadsheet format by File > Export.

To copy-paste into a
spreadsheet, use this

© O O W Export from WildernessPark.txt

Which rows? Which columns?
() Selected (s) Same as View
@ O other

This button will let you define a list of
variables to export, using a dialog just
like Figure 1 on page 6.

button for the co Cancel |
py A | Cancel |
part of the task.
806 \ ¥ Export from WildernessPark.txt

Copy to clipboard

LAI_File Date

WP4 20131010 16:21:24
WP3 20131010 16:08:39
Wp2 20131010 15:58:12

RawStart

RawStop TransComp Model Records ScattCorr LAl SMP
16:21:36  16:27:47  a-p-s Horizontal 2A 308 32G none 4.13 30
16:08:46  16:21:05 a-p-s Horizontal 3A 50B 53G none 3.55 50
15:58:24  16:08:19 a-p-s Horizontal 2A 258 27G none 2.75 23
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3.4 Summary Statistics
Summary statistics for some or all files in a view is available by View > Statistics.

© 0 0O ¥ Generate Statistics for Wilderness... This button will let you define a list of
Which rows? Which columns? variables for which statistics are
) O selected | | o desired, using a dialog just like
To copy-paste into a @Al () Other | Define... Figure 1 on page 6.
spreadsheet, use this
button for the copy [ Cancal |
part of the task.
8 00 \ W Export from WildernessPark.txt
Save... | | Copy to clipboard
LAI_File Date RawStart RawStop TransComp Model Records ScattCorr LAl SMP
Mean 1] 2.0131e+0715.6667 16 1] 1] 2.33333 1] 3.47667 34.3333
Min 1] 2.0131e+0715 16 1] 1] 2 1] 2.75 23
Max 1] 2.0131e+0716 16 1] 1] 3 1] 4.13 50
Stddev 1] 1] 0.333333 0 1] 1] 0.333333 0 0.480133 196.333
|N 3 3 3 3 3 3 3 3 3 3
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Appendix A: Scattering Corrections

One of the traditional underlying assumptions of the LAI-2x00 has always been that foliage
absorbs all the radiation in the waveband seen by the sensor (320-490 nm). Starting with version
2.0, FV2200 allows this assumption to be set aside, and provides a model (Kobayashi et al, 2013)
for correcting measurements for the radiation reflected and transmitted by the foliage. You should
apply this correction for data taken in direct sun, since that’s when the scattering errors are the
highest, but you can also correct data taken when the sun is obscured, adjusting for the actual foli-
age scattering properties in your canopy, rather that assuming reflectance and transmittance are
both 0.

How It Works
The algorithm that FV2200 uses for correcting for scattering goes something like this:

1. Compute gap fractions
From the measured gap fractions, 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 predict the error that an LAI-2200 would make in a canopy based on
LAI, LAD, and the other scattering correction inputs (leaf properties, sky brightness distribution,
etc.). The model is a one-dimensional, multi-layer model, having foliage properties that you have
specified. Foliage orientation, clumping, and total LAI is based on Step 1.

The model propagates beam and diffuse radiation through the layers, and predicts fractional irra-
diances on sunlit and shaded leaves in each layer. It then predicts the view that the LAI sensor, and
the bottom of the canopy, has of the sunlit and shaded foliage throughout the model, and the
resulting radiation errors each ring of a B reading would have.

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 LAI and LAD. If they have not changed, the
process is done. Otherwise, it’s back to step 2 with the adjusted gap fractions.

This process usually takes 4 or 5 iterations.

The ScattCorr Variable

All computed values in FV2200 (LAI, MTA, Gaps, etc.) reflect the effects of the scattering correc-
tion if is enabled. Thus, there are no duplicate sets of values (i.e. no LAI_with_scattering,
LAI_without_scattering, etc.). There is one quantity (ScattCorr) that tells you the status of scat-
tering corrections for any file (Table 1). When ScatterCorr = a numeric value, all values associ-
ated with that file reflect the effects of the scattering correction. While it is very simple (once the
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inputs are in place) to turn the correction on and off and examine how any particular value
changes, the ScattCorr value directly gives you this difference for the LAI value.

ScattCorr is a quantity you’ll want displayed (1.3 Change the Displayed Variables on page 6).

Table 1: The ScattCorr variable

Value Meaning
none The file does not have the necessary inputs to be scatter corrected.
off Scattering inputs present, but correction is turned off.
value The file is scatter corrected, and value is the difference in LAI that the
correction makes.

Note: the numeric value of ScattCorr is the difference in LAI as measured by the EllipLL Al vari-
able, not the normal LA variable. The reason is that the scattering correction model uses the

inversion scheme of Norman and Campbell (1989)!, which is based on an ellipsoidal representa-
tion of leaf angle distribution. This scheme is also built in to FV2200, and the leaf area index
parameter and leaf angle parameter are available as EllipL.Al, and EllipX. The two LAI values
(LAI and EllipLAI) are generally fairly close.

Required Inputs for the Scattering Model

To correct a measurement for scattering, a model is used that requires some extra inputs, which
are summarized in Table 2.

Table 2: Required Inputs for the scattering correction

Item Description
LeafRho Average foliage reflectance in the blue (230-490 nm waveband).
LeafTau Average foliage transmittance in the blue.
SoilRho Surface reflectance beneath the canopy in the blue.
SolarZen Solar zenith angle (0° = overhead, 90° = on horizon).
SolarAzm Solar azimuth angle (0° = North, 90° = East, etc.)
SkyViewCap The azimuthal view size of WideSky values (e.g. 270°)
AViewCap The azimuthal view size of ASky values (e.g. 45°)
AViewAzm The azimuthal direction of ASky values (0° = N, 90° = East, etc.)

1. Norman, J.M., Campbell, G.S. 1989. Canopy Structure.In:Pearcy, R.W., Ehleringer, J., Mooney, H.A.,
Rundel, P. (Eds.), Plant Physiological Ecology. Chapman and Hall, London, pp. 301-325.
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Table 2: Required Inputs for the scattering correction

Item Description

FBeam The fraction of the total incident radiation from the sky that is direct
beam, in the blue.

WideSky The 5 ring values read by the sensor using the SkyViewCap

ASky The 5 ring values read by the sensor using the ASky Cap.

Figure 21 shows the additions to the file header when scattering corrections and/or GPS data are
present in a file.

### Scatter Correction

ScattCorr 0.095

LeafRho 0.050

;e?ﬁau 0.010 If G records are present (GPS data), then
cilRho 0.050 these three lines not there, but the normal

SolarZen 511 header entries for GPS records instead.
SolarAzm 94,

imeZone -5
GpsLat 40.85600000

GpsLong -96.65780000

### K Record Averages
SkyViewCap  360. If this comment is present, then K records

AViewCap 45.

are also present, and the values beneath it

AViewAzm 0.

FBeam 0.60 represent averages of the K records, not
WideSky 560.00 639.35 761.65 922.60 827.40 direct inputs.

ASky 42.50 59.07  62.13 72.03 82.15

Figure 21: The items added to the file header when scattering correction inputs are applied.

ScattCorr indicates the state of scattering corrections, and its values are explained in Table 1 on
page 36.

The three values for average vegetative reflectance, transmittance, and the surface beneath the
canopy (LeafRho, LeafTau, and SoilRho) should be for the 320-490 nm waveband. The values
could come from spectroradiometric measurements integrated over this wave band, or from a
radiometer sensitive in that wave band. Kobayashi et. al. present a technique for using the
LAI-2x00 wand and a reference panel to determine these values.

The location information (GpsLat, GpsLong, and TimeZone) will be present only for units that do
not have G records. GpsLat is degrees latitude (North > 0, South < 0), GpsLong is degrees longi-
tude (East > 0, West < 0). TimeZone is the difference in hours between UTC and the time used in
the LAI file’s header. If the instrument’s clock was set to local standard time, TimeZone would
likely be longitude/15. Note that for negative (west) longitudes, the TimeZone is also negative. If
the instrument’s clock was set to UTC, then TimeZone would be 0.

The solar position values SolarZen and SolarAzm represent the zenith (O=overhead, 90=horizon)
and azimuth (O=North, 90=East, etc.) angles of the direction toward the sun. These angles are
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either computed from location, or can be entered directly. Values that have been entered directly,
and not computed, are marked with an asterisk (*).

SolarZen 34.5*
SolarAzm 224.*

Hint: if, for example, you wish to experiment with the affect of changing solar angle on a file that
has GPS information to compute solar angles, you can do it from the text window in Figure 10 on
page 20 by entering both zenith and azimuth values with asterisks following them, and clicking
the Keep button. To undo that and go back to computed values based on latitude and longitude,
just remove the asterisks and click Keep. This can also be done in the single file dialog (Figure 11
on page 21 by selecting “User Entered” in the Solar Angle box.

Solar Angles

User Entered +]

Zenith 45.6
Azimuth 260.9

The next six values pertain to sky condition. Note that if K records are present, then these values
represent the average of the K records that were used in the correction, and editing these values in
the file header will have no effect. If K records are not present, then the values are inputs, not out-
puts. FBeam is the fraction of total radiation that is direct beam in the blue (320-490 nm).
WideSky is the reading from the 5 rings with no (or the 270) view cap, sun blocked. ASky is the
narrow sky distribution. SkyViewCap is the size of the view cap (degrees open) used for WideSky,
and AViewCap is the size of the view cap (degrees open) used for ASky and for your normal A and
B measurements. AViewAzm is the view direction of view (0=looking North, 90=looking East,
etc.) for ASky and for the normal A and B measurements.

Both WideSky and ASky have the following constraints:

e They need to be made with an unobstructed view of the sky.

e They should be made with the same wand.

e That wand making the measurements should be using the factory calibration values. This is
the calibration that relates one ring to another. With this calibration, all of the sensor’s rings
will read the same in a purely isotropic environment. This (WideSky and ASky) is the one time
in LAI-2x00 processing that the rings of the sensor are NOT treated independently, and the
factory isotropic calibration is needed.

Making it Practical

Calculating Solar Angles

The best method of getting solar angles is to calculate them. To do that, one needs to know loca-
tion (latitude and longitude) and time (UTC). The LAI-2200C (and upgraded LAI-2200s) have a
GPS chip, that allows all of this data to be logged along with the LAI measurements.
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If you don’t have GPS, FV2200 allows you to specify the latitude and longitude for the files you
wish to correct, and some time zone information. UTC comes from the average time of data in the
file and the time zone.

Fraction Beam

The fraction of the total incident radiation that is in direct beam in the waveband seen by the LAI
wand is best measured by that wand. Kobayashi et al made this measurement by mounting a
downward looking wand above a reflectance panel, restricting the center ring to a narrow field of
view, and recording the sunlit and shaded readings of the panel. Subsequent experimentation has
shown that by simply putting a diffuser on an upward viewing sensor gives very good agreement
(unpublished data).

A suitable diffuser made from white Plexiglas is available from LI-COR (part number 6522-117),
and is machined to slide onto the wand over the lens and stay in place in the wind, if tipped, etc.
Alternatives are readily found (any stiff, flat, translucent material is a candidate: paper, plastic,
etc.), so if you lose or misplace the good diffuser in the field, you might be able to find some alter-
natives (the bottom of a paper cup, for example) to keep you going (Figure 22).

T
) - -

6522-117 Scrap piece of white Plexiglas Paper cut from bottom of a drink-
ing cup. (Thumb required)

Figure 22: Some of the options for measuring fraction beam with an LAI-2x00 wand.

K Records

To aid in getting the sky brightness data and fraction of beam information in the field as painlessly
as possible with a minimum of extra equipment, we developed a measurement protocol illustrated
in Figure 23, called a 4A Sequence. The name comes from the fact that you are taking four A
readings in a row, which will later be condensed into something called a K Record.

The first two A readings use a white diffuser. With your back to the sun, and the sun shining on the
diffuser cap, level the sensor, and take the first A reading. Then, rotate just a bit to shade the dif-
fuser cap with the shadow of your head, and take the second A reading. (If the sun is too high to
shade the diffuser with your head, hold the sensor with one hand and reach up and out with the
other to shade the diffuser; you want the entire diffuser completely shaded, but not much more
than that.) For the third A record, remove the diffuser and either shade the sensor with your head,
or simply put a 270 view cap in place. This reading needs to have the sun blocked, but retain as
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wide a view of the sky as possible. The final A record in the 4A sequence is a normal A reading:
use the view cap and view direction you are using for measurements.

4. Normal A readingj '

Figure 23: The 4A sequence.

Ultimately, each LAI-2200 file that is to be scatter-corrected will need to have at least one K
record in it. This does not necessarily mean that when you are collecting data in the field, you
need to do a 4A sequence in every file. K records to be copied (by FV2200) into other files that
need them, so you can perform a 4A sequence somewhere in a data file (beginning, middle, end, it
doesn’t matter), or as part of a below-canopy file if you are in two sensor mode, or accumulate a
series of them into their own separate file. It is a simple matter with FV2200 to turn the 4A
sequences into K records (2.4.1 Generate K records from Sequences on page 17), then copy them
to whatever files need them (2.4.3 Import K records on page 19). When FV2200 copies K records,
it does it based on time, and uses the closest ones available in source files to the B records in the
destination file.

How Many K Records Needed. Sky conditions will determine how often K records (i.e. 4A
sequences) are needed. The determining factor is how fast the fraction of beam is changing. The
simplest case (as always) is clear blue sky. During the middle of the day, one K record per hour
would be fine. The worst case is fast-moving scattered or broken clouds, with the sun coming and
going. The choice in those conditions might come down only taking data (A, B, and 4A
sequences) when the sun is between clouds, or only taking data (A and B) when the sun is
obscured behind clouds (you know the fraction of beam is O then, so you so don’t need K records),
or waiting for a better day.

Another consideration is if your measurement involves multiple view directions. In principle, you
should have a K record for each view direction used. However, if your view azimuths are symmet-
ric about the solar azimuth (e.g. sun is South, and your views are East and West), then you would
not need multiple K records unless there were distinctly differing cloud formations in those two
directions.

Other Ways to Make K records
4A sequences are not the only way to make a K record.
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3A Sequence. If you are using the same view cap for the last two A readings, you can forego the
wide sky view (the 3rd A of a 4 A sequence). FV2200 will use the last A reading in the sequence
for both the wide and narrow views. This of course makes the assumption that the brightness dis-
tribution in the direction of your A readings is the same as for the entire sky.

Operational hint: For a 3A sequence, you can leave the view cap in place for all three A readings
(unless it is quite windy); simply lay the diffuser upsidedown on the view cap to do the first two A
readings. Orient the diffuser so the open side is toward the sun so the diffuser doesn’t self-shade.
This is especially helpful for the larger view caps (180 and 270), since they can be troublesome to
put on with one hand.

1A + Assumption. If your LAI data was collected with the sun obscured by cloud, or below the
horizon, then you already know the fraction of beam is 0. If you are also willing to make the
assumption that the sky brightness distribution in the direction of your measurement is the same
as for the rest of the sky, then you can forego 3A or 4A sequences entirely; FV2200 will let you
build K records based on the normal A readings in the file and your assumption of the fraction
beam value. This is also useful for correcting old data for the effects of actual foliage reflectance
and transmittance.

3BA and 2BA Sequence. Consider the following situation (LAI-2200 only): You are in multi-
sensor operation mode, with one sensor devoted to A readings, and other sensor(s) doing B read-
ings. You need to get K records from the A sensor, since that’s the only one with a suitable clear-
ing. Suppose further that the A unit is just a wand that is automatically logging A records at
regular intervals, so there’s no chance of interrupting autologging and putting 4A sequences into a
separate file. Can you get K records in this situation? You can if there is enough time between
autologs (you probably need at least 30 seconds) to do a few simple steps:

When it’s time to collect data for another K record, do this:

1) Wait for an autolog to occur.

2) Push the A/B button to change to B records.

3) Remove the view cap, and put the white diffuser in place.

4) With the sun on the diffuser, press the LOG button.

5) Shade the diffuser, and press the LOG button again.

6) (Optional wide sky view). With the sensor shaded, or with a wide view cap, press LOG again.
7) Place the normal view cap back on, and press the A/B button to change back to A records, so
that the next autologged reading will be an A.

You are essentially doing a 4A or 3A sequence, but labelling all but the last as B records.
Useful variation: if you are skipping step 6 (i.e. doing a BBA sequence), you can avoid having to

remove the view cap at all. Simply do steps 3 through 5 by laying the diffuser on the view cap
upsidedown (or use an alternative diffuser - see Fraction Beam on page 39 for suggestions).

What you will end up with is a file filled with A records, with an occasional 2B or 3B sequence.
The A record that immediately follows each 2B or 3B sequence will also be used to make the K
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record. Thus, a 3BA (i.e. BBBA) is just like a 4A sequence, and a 2BA (i.e. BBA) is just like a 3A
sequence.

Again, the 3BA and 2BA are usually only for above files that are otherwise full of A records.

An Example

We present an example of making a single sensor measurement complete with scattering correc-
tion. We illustrate with a data file that is included in the sample data files built-in to FV2200. This
will let you follow along on data already taken for you.

For this example we measured a site using 8 B records, and a starting and ending A record. (Final
A records are only useful when you have interpolation enabled; we’ll do that when we are done).
Thus, the measurement sequence without scattering corrections would be ABBBBBBBBA.
Because we are doing scattering corrections, we need to replace at least one of the A readings
with a 4A sequence; we’ll replace the first, leaving us with a measurement sequence that is
AAAABBBBBBBBA. Those first 4 readings, however, are done as shown in Figure 23 on

page 40.

You can load this data file into FV2200 (Do File > Sample files > ScatterExample.txt). The
state of the file is like it just came from the field - the 4A sequence is there, but hasn’t yet been
turned into a K record.

Step 1. You will want to add a variable named ScattCorr (The ScattCorr Variable on page 35) to
the list of displayed items in the main view of FV2200, if it is not there already. (See 1.3 Change
the Displayed Variables on page 6 for how to do this).

8 0o W FV2200 ver 2.0c
0 =3 = e i - !
New Open Acquire  saveAs Export Map Expand Combine
x 0 @ ©B B E
Cut  Copy Paste Delete | Recompute Import Strip Transform  Scattering
: I ks
Display  Statistics : Add Chart
pr— ‘ , :
Scafte = none’ means the scattering
LAI_File Date RawStart RawStop Records TransComp Model ScarrCorr \] MTA . td t . tth t
Filel 20130712 10:00:33 00:42:05 09:48:13 SA8B a-p-s  Horizoral none  LR6 48. Input data Is not there yet.
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If you wish to view the data records, double click the Filel entry, and select the Current tab.

800 File: Filel 12 Jul 10:00:33
| As Real{ @ ;tap Fractions | All Values | Header | Sky Test |
Cancel Keep

RAVOTRAINDS UL UL U335 P A U130

ACFS 0.785 0.814 0.832 0.912 0.949

CNTCT#  1.187 0.968 1.040 1.031 0.728

STDDEV ~ 0.706 0.578 0.544 0.334 0.167

DISTS 1.008 1.087 1.270 1.662 2.67

GAPS 0.302 0.349 0.267 0.180 0.14

### Contributing Sensors

Sensor wl PCH3214 4016 1257 1000 1003 1294

44 Ohseprvations D ffuser I'n sun

A 1 20130712 09:42:05 W1 417.60 416.60 408.20 .

A 2 20130712 09:42:10 W1 168.70 16830  165.00 Diftuser in shade

A 3 20130712 09:42:24 W1 548.50 635.00 751.20 Wide sky
142 Nprmal A

B 5 20130712 09:43:26 W1 36.58 46.33 43.45

B 6 20130712 09:43:43 W1 4.945 20.54 33.77

B 7 20130712 09:44:00 W1 15.41 9.313 14.35

B 8 20130712 09:44:23 W1 13.27 10.94 23.53

B 9 20130712 09:44:45 W1 8.526 11.57 7.787

B 10 20130712 09:45:07 W1 35.54 48.17 6.605

B 11 20130712 09:45:34 W1 5.385 15.35 7.784

B 12 20130712 09:45:53 W1 10.09 36.61 27.25

A 13 20130712 09:48:13 W1 43.53 59.62 62.61

Step 2. Click the Scattering Tool icon to open the Scattering Correction Tool, then click the K
Records tab. Set the values as shown.

8006 W FV2200 ver 2.0c
Convert sequences to K records TR m & R £

New Open Acquire saveAs | Export Map Expand Combine

e I by & | | B
Cut  Copy Paste Delete ! Recompute Import Strip Transform
8O N Stattering Correction Input Tool = e
. . K Records " Clipboard Selected File |
The view cap (if any) used for — lodel  ScauCorr LAl MTA

the 3rd A reading_ \ [ Make K from sequence 0 lorizontal none 1.86 48.
Auxiliary K information
The view cap used for normal Wide Sky View Cap| 360 (none) | Only used in AAAA or BBBA
measurements. ———— 'A'View Cap|[45 |
. . . 'A' View Direction |0 0=N, 90=E, etc.
The view direction for normal =
meaSUI’ementS / Check the appropriate K record input sequence
AAAA AAA  BEBA BBA file date from to #A #B #K
/@] @] Filel 20130712 09:42:05 09:48:13 5 8 0

Specify the file and the pattern -
to convert to K records.

| Make K Records in ChE[l@d—ﬁlﬂM\ Click here to make K
records.

Once the K records are made, the Records field in the main view will show the change (Added 1
K, ‘removed’ 3 As).

LAI_File | Date Rawstart | RawStop / | Records TransComp  Model ScattCorr | LAl MTA
Filel 20130712 10:00:33 09:42:05 09:48:13 2A 8B 1K /a-p-s Horizontal none 1.86 48.
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Step 3. Click the Clipboard tab in the Scattering Correction Input tool, and fill in the fields as
shown.

8.00 Scattering Corcaction Input Tool

{ KRecor&s Clipboard S}Iected File |

[ Scatter Correction is (®)ON () Off
(1/3) Scattering Properties

[V Leaf Reflectance |0.05

Properties for the blue (320-490 nm) wavelengths. — 1
™ Leaf Transmittance 0.01

™ Cround Reflectance 0.05

(2/3) View Cap Info (ignored if K records present)

We can skip this, since our file uses K records. — | . 300 omd) ]

T [J'A'ViewCap45  |+|
[]'A’ View Direction© | 0=N, 90=E, etc.
(3/3) GPS (ignored if C records present)
Our file has no G records (built-in GPS informa- [ Latitude| 40.8560
tion), so we need this section. — 1 Plongitude|-966578 ||
MuTC + -5 (hrs) = Local Time

Highlight the file(s) in the main view to send this infor-
mation to, and click here. ——8 ™|

| ———| Update Selected Scatter-Corrected Files |

The file is now corrected for scattering, and the LAI increased from 1.86 to 1.95.

800 W FV2200 ver 2.0c

0D @ - = ek E

New Open Acquire saveAs @ Export Map Expand  Combine

B =] [ x L =] E

Cut  Copy Paste Delete Recompute  Import  Strip  Transform  Scattering

4 z 3
Display  Statistics Add Chart
» ScatterExample.txt
LALFile | Date RawStart | RawStop | Records. TransComp  Model ScantCorr | LA\ MTA

*.. 20130712 10:00:33 09:42:05 09:48:13 2A 8B 1K a-p-s Horizontal 0.093  1.95 48.

File Filel - updated all scattering inputs
Filel 1.86 1.95

One final step would be to enable interpolation of the A readings, since we have that final A record
in the file. If you do that, following 2.2 Interpolate A Records on page 15, you will find that the
LALI for this file changes from 1.95 to 1.94.

When the scattering correction is applied (as evidenced by the ScattCorr variable having a
numeric value), all computed values (LAI, MTA, GAPS, etc.) reflect the scattering correction.
The value of ScattCorr itself is the difference in leaf area index (actually, it’s the difference in the
parameter EllipLAlI, the leaf area index based on the inversion scheme of Norman and Campbell
(1989) using the ellipsoidal representation of leaf angle. This is the computation used internally
when iterating through the scattering correction model).
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Model Limitations

The scattering correction is based on a simple model, and how well it works in any particular cir-
cumstance depends on how well those circumstances conform to the assumptions of the model. A
very fundamental assumption of the model is that the canopy is one dimensional (vertical), with
foliage that can be clumped. The sun is above the canopy looking down, and the LAI sensor is
below the canopy looking up. The model canopy is a good approximation to a fairly uniform, full
cover actual canopy. But how about other settings?

Here is a key factor in how well the model will predict scattering errors: The model will fail when
the relation between gap fraction at any particular view angle and the sunlit leaf area that is visi-
ble in that view angle differs from what would be predicted in a horizontal canopy (Figure 24).

Measurement

Direct Beam Direct Beam

ANANNN ANANN

gap=F,

B

Scattering Model

Direct Beam Direct Beam

NN W\ e

Figure 24: Representation of how the scattering model can fail in an isolated canopy setting. Measurements A
and B have gap fractions P, and Py for a particular ring (top). These are mapped to an idealized canopy (bot-

tom) in a layer with the same gap fraction at that view angle. The problem in case A is that the measured sunlit
area (and thus scattered radiation) that was measured is much greater than what the model would predict. This
is seen by comparing the relative path lengths of sunlight through the canopy to get to the ring's view in the

measurement vs. the scattering model. Le. S 4 < S' 4 -In case B, the measured sunlit area is much smaller than

the model would predict, since Sy > S'p )
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Another way to look at the problem presented by case A in Figure 24 is that

unlike in the model (sun above, viewer below), the viewer and the sun are Sun

now effectively on the same side of the canopy. And the lower the sun is in T~
the sky, the more the measurement will be dominated by sunlit leaf area,

which the model cannot begin to predict, since it assumes the viewer is on el
the opposite side of the canopy. Sensor

Figure 24 illustrates the problem and offers a clue about how to reduce the problem. If we can
choose a view direction that minimizes the differences between the view path lengths through the
canopy (they determine gap fraction) and the direct beam path lengths through the canopy that
determine sunlit leaf area, then we might minimize the model’s errors. If having the sensor look
directly away from the sun, as in Figure 24, maximizes the problem, it suggests that viewing more
toward the sun (the sun can’t be in the sensor’s view, of course) might reduce the problem.

This suggests the following measurement guideline for canopies with significant gaps: As much as
possible, keep the sun in front of you, not behind you (Figure 25).

Best

Figure 25: Illustration of suggested measurement protocol for non-uniform canopies. The higher the sun is
in the sky, however, the less important this suggestion becomes.

Testing the Model

Since no canopy fits the model, it is a good idea to test your measurement protocol (and scattering
correction inputs) for each situation. A simple way to do this to pick a representative transect or
plot and measure it (at identical locations) when the sun is obscured, such as at twilight, and com-
pare those results with the scatter-corrected results. Actually, you can scatter-correct both, but the
data set with the sun obscured will have an FBeam value of 0. It’s best to do this sort of compari-
son under clear blue sky, as clouds introduce their own variability (1.5.4 Sky Test on page 10).
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Appendix B. Three Methods for FV2200 Matching

Scattering corrections have some implications for multi-sensor operations, so read this section,
even if you think you are familiar with multi-sensor operation.

When two or more sensors are used to collect LAI data (e.g. one sensor collects above canopy A
records, the other below canopy B records), two things have to happen to produce final LAI val-
ues:

1) Combining. The A records and the B records have to be combined into one file. Normally,
some of the A records are inserted into the B file based on times of the B records.

2) Matching. One of the record types (A or B) must have its values adjusted to account for calibra-
tion differences between the two wands.

While it is possible to do both combining and matching entirely on an LAI-2200 console, we
highly recommend that you use the FV2200 software for both of these tasks instead. Here are the
reasons:

e Krecords (i.e. 4A sequences, 3A sequences, etc.) should be done with a wand with factory
calibration factors, not one matched to another sensor. FV2200 matching allows all wands to
always use their factory calibration values. This allows any wand to be used for the K record
precursors needed to do scattering corrections.

* Console matching is done with one snapshot reading, which is dangerous when there are
clouds. FV2200 matching is based on as many readings as you wish to average.

e FV2200 matching is not limited to two LAI-2200 wands, like console matching is: it can be
used for any number of wands, including old (LAI-2000) instrumentation.

* Collecting the data for FV2200 matching can be done anytime, not just at the time or place of
data collection. This means you can collect matching data under the best sky conditions for
matching (clear blue sky), and in a place with the best view of the sky (e.g. the roof of your
building).

e FV2200 matching simplifies what needs to be done in the field, reducing the chances for
errors.

* Once the relevant files are on your computer, FV2200 combining and matching can be done in
one simple step.

There are three variations you can use to do FV2200 matching. The method you choose will
depend on the circumstances.

For this discussion, we will assume that there is a sensor (the A unit) that is to be used for logging
A records in a clearing, and there is one (or more) B unit collecting below canopy B records. Note
that either “unit” could be a) an autonomous wand, or b) an LAI-2000 or LAI-2200 console and
wand.

The three methods listed here are named for the setting in FV2200 that you would use to do the
match while importing records. The FV2200 import dialog (2.3 Import and Adjust A Records on
page 15) lets you specify source files (the ones with A records), destination files (the ones with B
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records that need corresponding A records), and - when needed - match files (files that contain
some or all of the information on how the sensors compare, so adjustments can be made to
imported A records).

Method 1: B / A pairs in Match

(Recommended) This method puts the match readings from both A and B units into the one spe-
cial file, known as a match file. This can be done before or after the measurements. If you are
careful about keeping lenses cleaned, this file can be generated once and used over an extended
period (weeks, months, etc.). When you have a calibration session, you might want to generate
several files, one for each view cap you might use. You could name the files M45, M90, M 180, for
example, meaning they are for the 45, 90, and 180 degree view cap.

8006 W FV2200 ver 2.0c
b 2 B B  m & R i
New Open Acquire saveAs @ Export Map Expand Combine
g Fat | [l = B
Cut Copy Paste Delete Recompute Import  Strip  Transform  Scattering
i z s

Display  Statistics Add Chart

LAI_File Date Model TransComp |RawStart | RawStop | Records | ScattCorr |LAI | MTA
MATCH180 20131001 11:56:07 Horizontal a-p-s 11:56:20 11:56:43 5A 5B none 0.00 0.
MATCHS0 20131001 11:54:41 Horizontal a-p-s 11:54:53 11:55:10 5A 5B none 0.00 0.
MATCH45 20131001 11:41:53 Horizontal a-p-s 11:42:36 11:43:00 5A 5B none 0.00 0.

800 File: MATCH45 01 Oct 11:41:53

| As Read Gap Fractions All Values Header Sky Test \

Cancel Keep
AVGTRANS 0.000 0.000 0.000 0.000 0.000
ACFS 0.000 0.000 0.000 0.000 0.000
CNTCT# -1.000 -1.000 -1.000 -1.000 -1.000
STDDEV 0.000 0.000 0.000 0.000 0.000
DISTS 1.008 1.087 1.270 1.662 2.670
CAPS 0.000 0.000 0.000 0.000 0.000
#i## Contributing Sensors
Sensor W1 PCH3214 4016 1257 1000 1003 1294
Sensor w2 PCH3213 3997 1247 1000 1006 1290
#HH# Observations
A bE 20131001 11:42:36 w2 34.30 40.61 42.38 50.08 62.67
B 2 20131001 11:42:36 W1 31.70 40.28 42.49 49.02 63.68
A 3 20131001 11:42:42 w2 34.32 40.62 42.40 50.08 62.69
B 4 20131001 11:42:42 W1 31.71 40.30 42.51 49.03 63.71
A 5 20131001 11:42:48 w2 34.32 40.62 42.41 50.10 62.69
B 6 20131001 11:42:48 W1 31.71 40.31 42.52 49.04 63.71
A 7 20131001 11:42:55 w2 34.33 40.64 42.42 50.11 62.71
B 8 20131001 11:42:55 W1 31.71 40.33 42.53 49.05 63.73
A 9 20131001 11:43:00 w2 34.34 40.65 42.43 50.12 62.71
B 10 20131001 11:43:00 W1l 31.73 40.34 42.54 49.07 63.73

Figure 26: Sample match data for two sensors, PCH3213 and PCH3214. There are three files for three view
caps, and in each file several data pairs, all logged while viewing clear blue sky. Since FV2200 uses serial
numbers when applying this data, it doesn’t matter what record types (A or B) the sensors logged. They
could be mixed (as shown), or all A, or all B. If you are doing this with LAI-2000 format files, however, then
the only way to identify sensors is by record type, so the A records and B records in a match file should be
made by the same sensors as did the A and B records in source and destination files. (You can convert for-
mats, however, and avoid this constraint.)
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2.3 Import and Adjust A Records on page 15 illustrates how to do match file adjustments when
importing A records.

The main advantage of Match Method 1 is that it eliminates all matching-related field work at the
time of LAI data collection. Just collect your LAI data and you’re done; all the matching work has
already been done. (Or will be done; your calibration session could also happen after the fact.)

The remaining two match methods involve collecting matching data at the time of regular data
collection. If the sky is cloudless, then they can work as well as Method 1.

Method 2: B (or A) in Match / A in Source

This method collects match data on-site, and creates a match file that contains only the below can-
opy sensor’s match readings; the corresponding above canopy sensor’s readings are in the above
canopy file. The situation in which you might use this method is illustrated in Figure 27 on

page 50: There is a clearing in which the A unit will reside, and a forest or other tall canopy in
which one or more B units will log a series of files along transects or in plots.

Method 3: A in Dest / A in Source

This method collects match data on-site, but does not use a separate match file. Instead, each B
file contains its own match data, in that every B file contains at least one A record that can be used
for matching. To make this work, it must be possible for each B unit to get to the A site and take at
least one A record for each file it creates. Figure 28 on page 51 illustrates.

A potential advantage of Method 3 is that since you have an A record logged, you can compute an
LAI estimate in the field based on that one reading (if it is done first, or if you pick the “closest in
time” option for using A records). That way, if disaster strikes (e.g. a bear makes off with the A
unit), you still have some results.

Combining 2 and 3

You can also do a combination of these methods: If you use Method 3 for the first and last transect
that you measure (with the A reading for the last transect coming at the end of the file), you can
use those files as match files for any other below files that you create in between the first and the
last ones. Those intermediate files would have only B records. Figure 29 on page 52 illustrates.
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1. Set up the A sensor and get it logging at
regular intervals in the Above file.

2. Before leaving the clearing, each B sen-
sor makes a few matching measurements
next to the A sensor. Log these into a file
named ‘Match’, or something to identify it as
a match file.

3. Each B unit goes off and collects multiple below
canopy files. All have only B readings.

4. (Optional) Upon returning to the clearing, append
a few more readings into the Match file (or make a
new match file), before shutting down the A unit.

Fi

le B2

.

MR

5. When importing the A records, use Match e

0.6 ¥ Import Records

Method 2 to adjust the readings according
based on corresponding readings between
the above file and the match file.

Dest files: For each | B record, INSERT

™ Adj

Source files: Choose A records to import using | closest in time il

4| an imported A record.

| Method 2: A in Match / A in Source | Fop all Dest files uses 8 data pairs | Preview this... |
[ Compute a fjustment for each Dest file independently
| Interpolate match records (only for special circumstances)
View Source | Dest | Match | File Date From To #A 4B
¥ Import_Match_Method2.txt
[ AA 20131031 13:17:43 14:32:29 19 0
™ B1 20131031 14:30:04 14:31:40 0 8
(] ¥ M 20131031 13:18:31 14:32:33 4 0O 5
™ B2 20131031 13:19:07 13:19:555 0 6
el |

Figure 27: Method 2 illustration of data collecti

on and processing steps.
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1. The A unit is set up and logging in a clearing.

2. (Going out) Begin the first B file with an A record logged along-
side the Above unit. Then go do the rest of the B records along the
transect.

3. (Coming back) File B2 with an A record logged beside the above
unit.

S

%

File B2 \

AT
U8

4. Import A records to files B1 and B2 using .08 M Jmport Records

Match Method 3.

Dest files: For each | B record, INSERT +| an imported A record.

Source files: Choose A records to import using | closest in time il

Adjust i s by
~

| Method 3: A in Dest / A in Source

est file independently

r all Dest files uses 4 data pairs | Preview this... |

View Source Dest  File Date From To #A  #B #L
¥ Import_Match_Method3.txt

AA 20131031 13:17:43 14:32:29 19 0 ©

™ 81 20131031 14:30:04 14:32:33 2 8 O

™ B2 20131031 13:18:31 13:19:55 2 6 O

| Cancel | OK

Figure 28: Method 3 illustration of data collection and processing steps.
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Data Collection

1. File B1 starts with an A record. w ok File B2 P
2. File B2 with no A records. B g 153 54 57 =
3. File B3 with no A records. T 32 0T File B

4. File B4 ends with an A record. :
File B3

12424,
155345 6°7 File B4 3

— i . S —. .. . s—

8eno ¥ Import Records.

Dest files: For each | B record, INSERT 4| an imported A record.

Source files: Choose A records to import using | closest in time il

Data Analysis Fad
1.Use Method 2 for B2 and B3, with B1 =

and B4 as Match fileS | Method 2: A in Match | A in Source

+ | Ebr all Dest files uses 8 data pairs | Preview this... |

View Source | Dest | Match | File Date From To #A 4B
¥ MatchComboExample.txt

[ AA 20131031 13:17:43 14:32:29

B1 20131031 13:18:31 13:19:55

B2 20131031 13:20:01 13:20:55

B3 20131031 14:20:04 14:21:40

B4 20131031 14:30:04 14:32:33

REC
No o N
wwo oo

i
=

et

800 ¥ Import Records

Dest files: For each | B record, INSERT 4| an imported A record.

Source files: Choose A records to import using | closest in time il

2. Use Method 3 for B1 and B4. ad)

| Method 3: A in Dest / A in Source

4| Foplall Dest files uses 4 data pairs | Preview this... |

[ Compute adjustment for each Dest file independently

|| Interpolate match records (only for special circumstances)

View Source | Dest _ File Date From To #A #B | #L
¥ MatchComboExample.txt

AA 20131031 13:17:43 14:32:29 19 0

(] ™ Bl 20131031 13:18:31 13:19:55 2 6

B2 20131031 13:19:58 13:20:55 6 6

= B3 20131031 14:20:04 14:30:13 8 8

(] ™ B4 20131031 14:30:04 14:32:33 2 8

cocooo

et

Figure 29: lllustration of data collection and analysis using a combination of Methods 2 and 3. Files Bl and B4
do double duty as both data files and match files.
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Appendix C: Some Protocol Suggestions for Direct Sun

General

These are based on Model Limitations on page 45.

Test the Model
Test how well the scattering corrections are working for you. A suggested test is described in Test-
ing the Model on page 46.

Keep Some Canopy Between You and the Sun.

This is never a problem in a uniform canopy - the canopy is always overhead. However, in a can-
opy with large gaps, or wide rows, or when measuring individual crowns, you will need to avoid
making readings with the sensor having an unobstructed view of the sunlit side of a subcanopy
(Figure 25 on page 46).

Working on Slopes

If you are collecting data on a significant slope, we recommend holding the sensor parallel to the
slope, rather than level, when making A and B readings. In this case you also need to measure the
3rd and 4th A readings of a 4A sequence also parallel to the ground. The 1st and 2nd readings (to
get fraction beam with the white diffuser) should always be with the sensor level, however. See
Figure 11 on page 21 for where to enter slope information in FV2200.

Single Sensor

e Make sure the sensor calibration is the factory default, and hasn’t been modified by matching
to another sensor.

* Youdon’t need to do a K record for every file, unless sky conditions are very changeable. You
can import K records from files that have them to files that need them (2.4.3 Import K records
on page 19).

* You can intersperse K record 3A or 4A sequences and single A records. For example, a series
of records such as AAAAB...AB...AB...AAAA would turn into KAB...AB...AB... KA.

*  You might opt to keep the K’s in a separate file. Whenever you need to do another K reading,
re-open that file (named K, for example), and append another 4A sequence (or 3A sequence,
but be consistent) into it.

Multiple Sensors

* Make sure ALL the sensors have their factory default calibrations.

* Use Method 1: B /A pairs in Match on page 48 for your inter-sensor calibration scheme. Get
the data for this once on a clear blue day, and then don’t worry about it after that.

e If you are operating in separate sensor mode (remote above, and remote below), and there is
only one person to do the work, then plan on doing K readings with the below sensor, putting
them in a separate file. Later you can import A records from the above file, and import K’s
from the K file.

e If there are enough people to dedicate someone to doing the K records, then ideally they also
have a separate instrument (or just a wand) to dedicate to it as well. However, if the A unit has
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to do double duty as the “K unit”, one option is to do nothing but K records (recall that a K
record includes a normal A record): Go though a 4A or 3A sequence as frequently as you
think is needed, or as frequently as your sanity can stand. In clear blue sky, one K record every
10 or 15 minutes would be plenty. However, if you think you need a higher frequency of refer-
ence A records than K records, then see 3BA and 2BA Sequence on page 41 for how to do
that.
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