ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-201909.00056

Postprint: Estimation of Chlorophyll Content in
Typical Oasis Vegetation in Arid Regions Based
on Sentinel-2 Data

Authors: Gu Feng, Ding Jianli, Ge Xiangyu, Gao Shibao, Wang Jingzhe, Ding
Jianli

Date: 2019-09-11T00:00:004-00:00

Abstract

Taking the Weigan River-Kuqa River Oasis (Weiku Oasis) as the study area,
this study employs the Random Forest regression algorithm, which possesses
distinct advantages in machine learning, to estimate and validate the relative
chlorophyll content (soil and plant analyzer development, SPAD) of leaves from
four typical vegetation types (cotton, reed, poplar, and jujube) within the oasis.
Initially, 23 broad-band spectral indices sensitive to chlorophyll were extracted
from Sentinel-2 imagery, which is rich in spectral information at the “red edge”
region, as well as from its derived first-order and second-order derivative images.
Three soil parameters influencing plant growth (soil water content, soil organic
matter, and soil electrical conductivity) were incorporated as feature variables
affecting leaf SPAD. Based on these feature variables, three distinct SPAD es-
timation models were established for each vegetation type, thereby enabling
monitoring of vegetation chlorophyll within the oasis. The results demonstrate:

Vegetation indices extracted from first-order derivative images play a more
important role in SPAD estimation models compared to those from original
spectral images, ranking at the top in the importance ordering of the Ran-
dom Forest algorithm; The SPAD estimation models for all four vegetation
types achieved satisfactory results, particularly remarkable for reed leaves, with
the coefficient of determination (R?) reaching 0.926; Comparative analysis of
model predictive capability under the three schemes reveals that Scheme 3 (in-
cluding soil parameters) exhibits excellent predictive ability (2.143 < relative
percent deviation (RPD) < 2.692), with the predictive capability ranking as:
Scheme 3 > Scheme 1 > Scheme 2, and soil properties show strong nonlinear
correlation with model prediction results. Sentinel-2 data possess ideal poten-
tial for estimating oasis vegetation chlorophyll content, providing an efficient,
low-cost, and potentially high-precision approach for chlorophyll content esti-
mation, which can offer references for achieving more effective protection and
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management of agriculture and ecosystems in arid region oases.
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Abstract

The Ogan-Kuqga River Delta Oasis, a typical oasis in the arid zone of China,
was selected as the study area. The Random Forest method, which has com-
parative advantages in machine learning, was chosen to model and estimate the
relative chlorophyll contents (SPAD values) of leaves from four representative
vegetation types (cotton, reed, poplar, and jujube). Twenty-three broadband
spectral vegetation indices sensitive to chlorophyll content were obtained based
on the reflectance of original Sentinel-2 imagery with rich spectral information
in the “red edge” bands. These vegetation indices were extracted again from the
first-derivative Sentinel-2 image and second-derivative Sentinel-2 image. Three
soil parameters related to vegetation growth—soil moisture content (SMC), soil
organic matter (SOM), and electrical conductivity (EC)—were incorporated as
characteristic variables affecting SPAD values. According to these variables,
three modeling schemes were developed to monitor the SPAD values of vegeta-
tion leaves in the oasis.

The results showed that: (1) Vegetation indices obtained from the first-
derivative image played a more important role than the original vegetation
indices in the SPAD estimation model. (2) The SPAD-RF regression model
based on Sentinel-2 satellite data could effectively monitor the SPAD values
of leaves across the four vegetation types, with the estimation model for reed
leaves achieving an R? of 0.926. (3) By analyzing and comparing model predic-
tion capability across the three schemes, Scheme 3 (including soil parameters)
demonstrated excellent performance (2.143 < relative percentage deviation
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(RPD) < 2.692), and the prediction capability ranked as Scheme 3 > Scheme
1 > Scheme 2. There was a significant nonlinear correlation between soil
properties and model prediction results. Overall, Sentinel-2 data shows great
potential for predicting chlorophyll content of oasis vegetation, providing an
efficient, low-cost, and potentially high-precision solution for SPAD estimation.

Keywords: oasis; Sentinel-2 data; SPAD; chlorophyll; vegetation index; ran-
dom forest; Xinjiang
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Note: Figure translations are in progress. See original paper for figures.
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