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2- Partial least square

3- Principal component regression
4- Bayesian model

5- K nearest neighbor

6- Radiative transfer model
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2- Specific leaf area (SLA)
3- Kernel ridge regression
4- Gaussian process regression
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1- Leaf structure parameter
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1- Leaf dry mass
2- Equivalent water thickness
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1- Chlorophyll ab
2- Automated radioactive transfer models operator
3- Machine learning regression algorithms
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Figure 1. Comparison of the mean of measured reflectance and simulated reflectance using PROSPECT4.
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Table 3. Summary statistics of the variables.

Sl

ol (5 S eIl sla l L

S Sl Sl o
St. Dev. Mean Max Min Measured variables
S ble elhb Slade
0.088 1.186 1.377 1.078 M5 sl 2Lk
Leaf structure parameter
2 . .
Ch, )l Aae
3.64 12.1 17.48 4.19 glem” (Cha) J555 5
Chlorophyll ab content
mg/cm2 (ETW) Jsles T ,lia
0.0028 0.013 0.019 0.009 i
Equivalent water thickness
g/lem’ (LDM) &, it esle i
0.0035 0.0154 0.023 0.011

Leaf dry mass

Jeis S LAT asile ola el (g5 b <33 L
S (F X0 N8 S syl e zb s S
S La el )b syl 0 coss o 18 56 Jelye )
als i a il b e caliee polie L baw S
025 o 208 0 Bl S bt 25
Gl i s b el a5l K lea sl
als Jbsas AL €8 e L asal IS

Y AY) Sl o3 gy 3 sal s po s ey s

sY

5 Jmbs S Ole 35501 3 die bl shateey

slie 5w RMSE 5 R? slaasls 51 S 5 cuyb,
R2 L)‘J_Aﬂ A ealaza! el J))L,.g 9 ol 6}:§o)\.,b\
L;LSJ‘)JGA.: ] '/"YA} VY g:,.:‘).\a) LS\J")V/S‘\
VAR LSJ\DWM> JSJ_AE J_:L; “:"—;‘5;5—“‘5}5 Ui'})
il S sk 5 J8 S st ln GigS
el onls QLS 50 ng_ﬁ: Sladlae s (Y JSK5)



YFo e () ojlod (TA) ala Ko g w9 (5)9U8 g pole (sl idg sy 4 puid

18
s o0
g B} « * 8
ED y=0.7265 +32419
3 R2=0.72 LY TR
) EX 3 ,
3 S10 . e ®
5 B ° o
= 2 - (]
128 )
S 0. ®
156 v
© 3
g4 .
)
0
0 5 10 15
sl g, Seslal Ly
Measured Chlorophyll content

0.018
0.016 y=05601x +0.0056 :
£ R =0.7316 o e
§0.0‘|4 ’ " o
J;\ 20012 'i 00”9 °
) y 2
{ g 0.01 ..'
= 2 °
3 3 0.008
1 5006
4 0.004
0.002
0
0 0.005 0.01 0.015 0.02
ki (5,803 Cusb
Measured water content

S Cusb, g Jbs S I &' RMSE 5 R? ;5 PROSPECT-4 Jus 3 PLS 0 g 5, Jo -y s
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Abstract

Background and Objectives: As the largest forest ecosystem in Iran, Zagros forests are mainly
composed of oak and pistachio species. Although Pistacia mutica has the ability to adapt to
adverse environmental conditions, for optimal establishment and growth, like other tree species,
it needs environmental conditions appropriate for its ecological needs. Unfortunately, in recent
years, various environmental problems gradually have affected the growth and quality of this
species. So, monitoring the quality and health of this species by knowing the biochemical and
biophysical properties of the leaves and canopy of these trees could be an appropriate solution.
Plant chlorophyll and moisture are important parameters in determining the physiological status,
health condition, and stress status of trees. It is possible to estimate these parameters from
remote sensing and proximity data, using radiation transfer models that work according to the
physics laws and how electromagnetic radiation interacts with trees. The PROSPECT4 model is
one of the newest models proposed to estimate the amount of chlorophyll, water content, and
leaf dry matter per unit area based on spectral reflectance measurements. The combination of
the radiation transfer model with statistical regression has also shown good results for
estimating these parameters. Since the first signs of stress in trees appear in their leaves, in this
study, the quantitative and qualitative status of this species based on the biochemical parameters
of the leaves through non-destructive methods of proximity was investigated. The aim of this
study was to simulate spectral reflection and estimated leaf water content and leaf chlorophyll of
Pistacia mutica using PROSPECT4 radiation transfer model, comparison the measured
reflectance and simulated reflectance using PROSPECT4 through spectral indices, and finally
evaluation of the PROSPECT4 model in combination with the partial least square regression in
estimating leaf chlorophyll and leaf water content.

Materials and Methods: 20 Pistacia trees were randomly selected in the Kood Siyah forest of
the Felard section of Chaharmahal va Bakhtiyari province. Two leaf samples were taken from
each tree from the east and west directions of its crown (a total of 40 samples). The amount of
chlorophyll content, equivalent water thickness and leaf dry matter were calculated in the
laboratory. Spectral reflectance of leaf samples was measured by SVC HR-1024 spectrometer.
Spectral data and values of leaf biophysical and biochemical parameters were entered in the
ARTMO toolbox in MATLAB software. Then, PROSPECT4 radiation transfer model was used
to simulate spectral reflection and estimate water and leaf chlorophyll of Pistacia mutica. Then,
using Leave-one-out validation, the performance of the PROSPECT4 in estimating chlorophyll
content and leaf water of this species was evaluated.
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Results: The results of evaluation by the PROSPECT4 model in estimating chlorophyll content
and leaf water content showed that the model in combination with the PLS model has good
accuracy in estimating leaf water content (R* = 0.73, RMSE = 0.0028) and leaf chlorophyll
(R* = 0.72, RMSE = 2.61). The results of paired T-test of spectral indices showed that ARI,
ARI2, DWSI, NDWI, and p550 indices were not significantly different between the measured
and simulated reflectance.

Conclusion: Based on the results of this study, the combination of the radiation transfer model
with regression methods such as PLS has great power in predicting tree parameters. Estimation
of forest quality parameters in a vast area of pistachio forests using satellite data along with
other radiation transfer models using several tree species and a range of parameters, as well as
techniques such as ancillary information, multiple solutions, and other regression methods of
simulating spectral reflectance can be recommended.

Keywords: ARTMO toolbox, Leaf chlorophyll, Leaf spectral reflectance, Radioactive transfer
models, Zagros forests
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