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1. Overview

The PaddyRice Experiment in the $gang Plain (PRESP) was conducted at the

paddy rice fields in Honglh3e3 ARBalr.n3, N EE)Ch ifnrag
endof June tothe endof Augustin 2019. The objective of the field campaign is to

collect consistent gr;md FAPAR andLAl data for gaddy rice in order to support the

validation of FAPAR andLAl products obtained by remotely sensed data. The site is

about3 km x 3 km with five plots scattereth four corners and the center. Several

optical instruments, includg LAI-220Q Digital Hemisgherical Photography (DHR)

AccuPAR and AvaField were used to obtain LAI and other structuaald optical
parametersTablel).

Tablel. Structuraland opticalariables derived from fieltheasuremest

LAI-2200 DHP AccuPAR AvaField

PAI a

PAlesf a a

Angulargap fraction a a
Integrated gap fraction a a a

AngularACF/CI a a

Integrated ACF/CI a a

ALA a a

fCover a a
FAPAR a a

Reflectance a
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2. Site desciption and ground sampling

2.1 Site description

The study area is located at the Honghe Farm in the Heilongjiang Province, NE
China. The site experiences a typicairtidi continental monsoon climate, with long
cold winter ad warm and humid summer. The meamuald temperature is 2.527

with monthly mean temperature ranging fre2®°in January to about 22°in July.

The average annual precipitation is approximately 558, nwith substantial
interannual and seasonal variati@ong et al., 2009)T'he mean altitude of this site

is approximately 56 m. The main soil types are the albic bleached meadow soils
(Albaqualfs)(Yang etal., 2013) The water and soil in these marshes areptetaly
frozen from late October #pril and begin to thaw in late April.

This site was originally a wetland and has been converted to plant paddy rice since
1997. The paddy rice fields are flaitltvmore than 5 km homogeneity and large
rectangular fiels approximately 30 n® 100 m in size. A single rice variety
(Japonica) is grown ithis region. The riceropping practices are uniform, growing
once a year during the summeasen (May to September), with a maturation stage
for abou 120150 days. The dates for thenpae formation stage, heading stage, and
maturity stage are midune, midJuly, and early August, respectivehadrly fields
are irrigated with ground water thrglnout the season. The soil surface is under
flooded condions with a depthof about 512 cm during most of the growing
periodsexceptthetime whenthe water is emptied for medicinal purpobesause of
weeds opests.

2.2 Sampling strategy

Five plots (A, B C, D, and E), four at the four corners and one at &meec, were
chosen for intensivground-basedmeasurements (Fig. 1). Each plot was planted
with a cultivar type and managed individualWithin each plot,4 Elementary
Sampling Units (ESUSs), in theize of103 10 m? or 153 15 m? were selected. ESUs
were located at least 1.5 m away from the field borders. The main informatiba of
five plotsareshowed in Table 2.

Version:1.0 Date:March 2020 2
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Fig. 1. The left pael shows the distribution of five plots on Google earthges. The

right upper panel shovesphoto taken in a paddy rice field. The right low panel shows

the sampling strategy within an ESU for -2200(black dot), AccuPAR (Black dot),
DHP (red line) andAvaField (green dot)

Table2. Information for the five plots in thstudy area.

Plot ID Center location ESU size(m) Notes
A 133.515E, 47.667N 15x15
Someweedsexited
B 133.532E, 47.663N 1010
after 12 July
C 133.523E, 47.653N 10x10
D 133.515E, 47.637N 15x15
E 133.534E,47.637N 15x15

Ground LAl measwment was conducted from Ju@@, shortly after the rice
transplantation, t&\ugust26 when the ricas maturing Fig. 2 shows some photos
taken at the main growgnstages in the study area. Field measurements were
perfamed sequentially for the five ploevery week, in order to capture the canopy
structural dynamicsAccuPAR and AvaField measurements were conduetd®:00

- 10:30am.AccuPAR, LAI2200 and DHPheaurements were conducted near sunset
or under overcast oglitions as the sensitivity of theafameters and the retrieval
errors increase under direct illuminatiqiFang et al., 2018, 2014)

Version:1.0 Date:March 2020
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Fig. 2. Sample photos for the main growing stages: (a) tillering stage (Jun 23lynd Ju
1, 2019); (b) jointing stage (Jul 10 and Jul 16, 20{®jlowering stage (Jul 29, and
Aug 12, 2019); (d) maturing stage (Aug 18 and Aug 25, 2019).
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3. Field measurement methods

3.1 LAI-2200

A LAI-2200 Plant Canopy Analyzer (PCA) (0OR Inc., Lincoln, Nebrska) was

used to estimate the rice PAI as all parts ofplamts, including green leaves, sl

leaves, stems, and seeds contribute to the canopy transmittance process (Fig. 4). All
measurements were conducted under diffuse conditions. Following theciiust
manual for row crops, ground measurements wereenaahg diagonal transects
between he rows (Fig. 5). Two repeats were made for each measurement with one
above and four below canopy readings (Fig. 6). For below canopy measurements,
the instrumentvas held about 5 cm above the background soil or shallater.
Throughout the season, a 2Adew cap was used to shield the sensor from the
operator. All values from four measurements were averaged to obtamlties at
theESUlevel.

Above-
canopy { gl ¥
P4 y Readings

Sequence=ABBBB Rep 1 Rep 2

Fig. 3. LAI-2200 with a single sensor andeteampling strategy for LA2200 ove
paddy rice field

|

Fig. 4. LAI-2200 field measurement (left: above the canopy; right: below the canopy)
Version:1.0 Date:March 2020 5
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Five concentric conical rirgg7; 235 387 537 67; were used to record the incident
light under and above the canopy.
The average probability of light penetration into the canopy is computed by

P( ) 1 obsB (1)
@)=

obs j=1 A‘
where the subscript(i= 1 éferS tp the optical sensor rings centereg ahdj
refers to the number of observatiopairs { = 1 Nogd. Bj andA; are thg™ below

and above canopy readings, respectively, foriting. The gap fraction for thi&
ring is computed from

1 NobsI B”

(
G‘ —_— e(ln P(Ql )) _ e Obs = AJ (2)

Assumingthe foliage elements are randomigtdbuted in space, the effective PAI
(PAlesf) can be estimated by the transmittance in the different view angles based on
Mi | | er 6@Milldr,d36mul a

PAL. =2/&'%. | i
eft — <[] - n P(g)cosgsingdg (3)

Since multiple observations dP(g) are available for LAI2200, the effective PAI is
calculated as

- 5
Al =27} - InP(g)cosgsingdg = 23 KW @)

i=1

whereK; andW are the contact number and the weighting facespectively (Table
3).

Table3.The weighting factors of each rifigr LAI-2200.

Ring number Ring center Weighting factors

1 7 0.041
2 23 0.131
3 38 0.201
4 53 0.290
5 68 0.337

The weightingfactors for the five ringsof LAI-2200 are showed ifable 3
LAI-2200 provides the Apparent Clumping FactCF9 using tle gap fraction
measured by five ringRyu et al., 2010)ACFshas been consideredpresenting the
maximum clumping index for canopy.

P2 S P
2N S (;7) singdg 2a n S(q')Wi
ACF, = ;ZI oG = ' (®)
<~ In q) . T
2 Ry- sin 2a KW,
[‘ S(q) g i=1
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LAI-2200 calculates the foliage mean #hgle basedn Lang ard Xiang (1986)
using an empirical polynomial relating inclinatiangle to the slaogs ofthe idealized
curves between 25°nd 65?

The fractional vegetation covdiCvel) is calculated by:

fCover=1- P(7%) (6)

where P(7?) is the gap fraction measured on the first ring eeat 7°

3.2 DHP

The DHP images were taken using a Nikon D5100 camera and a 4.5 mm F2.8 EX
DC circular fisheyeonvertor (Fig5). An ultraviolet cap was used to prevent dust or
rain from the lens. The total height of camera and the lens was about 16l&vam.
bubble levelsnvere attached to the camera to keep it horizontal for both downward
and upward viewing dir¢ions. System calibration for DHP camera was performed
before measurement accordinghe CAN_EYE manual (versiof.4.9J), in order to

get the ofical center angbrojection function of the len/\eiss and Baret, 2017)

Fig. 5. Nikon D5100 equipped with Sigma F2.8 EX DC circular fisheye. An
ultraviolet cap was use prevent dust or rain from the lens.

Downwardlooking photos were taken. The distancenssn the camera and the top
canopy was set to about 18 m to avoid individual leaves too close to the camera.
After that, the aperture and ster speed of theamea were manually adjusted to
avoid overexposure because the sunlight intensity may ghagreatly during the
measurement direction shifts. To properly sample the spatial variability of the ESU,
at leastl5 hemispherical photos withsingle directionveretaken alonghe sample

line (red line inFig. 1). Nearly all photos were taken undeemast illumination to
minimize the shadowffect All images within an ESU were considered to be under
similar illumination conditions. These plos were storedni high-quality JPEG
format at a resolution of 32641928.

Version:1.0 Date:March 2020 7
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07/29 08/12 08/18 08/25

Fig. 6. The downward DHP images obtained during different main growing stages
corresponding to Fig. 2: (a) tillering stage (&3hand July 1, 2019); Jiointing stage
(Jul 10 and Jul 16, 2019); (c)flowering stage (Jul 29, and Aug 12, 201 a(drng
stage (Aug 18 and Aug 25, 2019).

All valid photos (845) over one ESU were processed simultaneously by the
CAN_EYE software (ersion6.4.9] to extrat the structural variable$§Weiss et al.,
2004) The limit oftheimage inviewing degrees used in this research (COI) was set
to 60°by default. To get a balance betwethe computation timena images amount,
angular resolution for zenith and azimuth directions were set to 10°amdadlhd
angle used in computing the cover fraction was also set to 10° A threshold process is
necessary to separate the foliage from tielmckground. To miniize sibjective
errors, one operator performed all thresholding and classification procEgses.
presents an examplaf the downward DHPs classification results in CAN_EYE.
More detailed processing procedures can be foundhénCAN_EYE manual
(version6.4.9).

Version:1.0 Date:March 2020 8
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Fig. 7. An example of photo classification in the CAN_EYditevare. Green indicates
the rice and soil is the background. The operators have been masked.

Assuming an ellipsoidal distribution of tieaf inclination, PAds is retrieved using
look-up-table techniques with CAN_EYBMNeiss and Baret, 2017\ large range of
random combinations of LAI (O ~ 10) and ALA (10°~ 80Jalues are used to bdil
a ddabase following the Bedr a mb e r {Nadssn, 19&ly

(7
whereP(g) is the canopy gap fractioat the direction g and G(g) is the projection
function. By comparing the measured gap fattand those stored in loalp-table,
effective PAl and ALA can be retrieved from E@) by setting a cost function.

The regularizationast functions used in O&EYE V5.1(Eq. 7 inWeiss and Baret,
2017 and V6.1 (Eg. 8 ifVeiss and Baret, 20) are diferent. V5.1 tries to constrain
the retrieved ALA to be within 60°30; whereas V6.1 tries to minimize the
differencebetween the retrieved PANnd thatestimated from the 57°observations.
The constraints on V6.1 are efficient with@uty assumption on ALA; therefore, the
V6.1 results are mainly considered for further analysis in this report.

The clumping index (CI) tathe direction g is conputed usig the logarithm gap
fraction averaging meth@dang and Xiang,1986)

(8)

The fraction of vegetation covefQovel) is calculated as the fraction of the soil
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